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(by ultr asonics) 


’ " -. 


contents of,which have been expelled by means of an MSE-MULLARD 
Ultrasonic Disintegrator. 


Scientists will readily appreciate from this simple example the advantages 
of the utilisation of sound energy for the disruption of plant and animal 
cells, bacteria, viruses and even large molecules This Disintegrator has, 
indeed, gamed rapid recognition as an invaluable aid in the preparation 
of antigens, for the extraction of enzymes and toxins, and in the study of 
intercellular components - z 
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Our micrograph shows the membrane of a cell of baker's yeast, the f 
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CHAPMAN & HALL 


* Two new books from John Wiley, & Sons, Inc * 


THE MOLECULAR ,BASIS 
*.. OF EVOLUTION 


by Cou - ANFINSEN 


241 pages . N Mustrated 56s net 


This book proposes a biochemical approach to the study of evolution, the latter being 
considered as the mtegrated form of the sciences of genetics and protein chemistry The 
protem chemist, especially, will benefit from this view of what 1s happening in a fast growing 
area of chemistry and genetics, but the book will also be of interest to medical research 
workers and to students studying the general framework of evolution 


SPACE TECHNOLOGY 


Edited by HOWARD SEIFERT 
1,048 pages Illustrated 180s met 


Thirty-eight experts m their respective fields present analytical treatments of all phases of 
space technology The subject of ballistics and flight dyniamics—the foundation of space 
travel—is treated in an especially complete and analytical way, with 11 authors presenting 
new material The next most vital subject—propulsion—is treated by 7 authors and covers 
both present-day and future systems Major sections are also included on communications 
and guidance, man in space, and scientific uses of space, 


37 ESSEX STREET, LONDON, W.C.2 





PRECISION INSTRUMENTS 
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_uarts Spectrograph No. I 


Designed to photograph the spectrum between 
2200A and 7000A on a photographic ~ 








plate measuring 6$ in. x 2$ in 
Approximate length of spectrum 
over this range is 120mm 

Price complete £150. Slit rods and 


quartz condenser extra 


i ellingham « Stanley Ltd. 


DEPT. N, 71 HORNSEY RISE, LONDON, N.19 
PHONE: ARCHWAY 2270 ~ 
Sole distributors in U.K for Schott Monochromatic Interference Filters 
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DIE ero) microbiological reagents and media : 


TISSUE CULTURE and VIRUS PROPAGATION 


4 


\ " 

" These reagents are prepared and standardized to preserve unaltered  : 
W the properties of the original material and include those commonly 
SAN f employed for the slide, roller tube and flask culture techniques for 

XN propagation and study of tissue cells and viruses tn.vutro. 


REAGENTS OF ANIMAL ORIGIN—Desiccated and Liquid 


Plasma, Sera and Serous Fluids, Embryos and Embryo Extracts, 
Ultrafiltrates. 


REAGENTS, CHEMICALLY DEFINED—Dilute and Concentrate 
Synthetic Media—Eagle-HeLa, Eagle L, Scherer, 199, 703 and all 


formulas Balanced Salt Solutions—Earle, Gey, Hanks, Osgood, 
Simms, Tyrode and all formulas. 


* 


ENZYMES * INDICATORS * AMINO ACIDS : HYDROLYSATES 
MEDIA ENRICHMENTS: BIOCHEMICALS: CARBOHYDRATES 


Over 60 years’ experience assures 
UNIFORMI7Y ; STABILITY : ECONOMY 


Difco Laboratories 


Prompt delivery from U K stock Write for Difco Manual and technical leaflets to the sole agents’ 


wu BAIRD & TATLOCK (LONDON) LTD , CHADWELL HEATH, ESSEX, ENGLAND 
Bronce mn London Monchester and Glasgow Agents throughout U K and all over the world 
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High Performance ELECTROMAGNETS 


and Power Supplies 


RUGGEDNESS 
4” Electromagnet Type A (4” pole diameter) 
Fields up to 25,000 gauss 
Homogeneity of at least 1 part in 105 in $ cc 
ROTATION 


Rotating Base Type AE 
360° scale 


Positive friction lock 
STABILITY i 
Current-Stabilized Power Supply Unit Type B.' 


Two models B 4—Stability 1 part in 10* s 
B 5—Stability 1 part ın 10° ^. 





Also available: 


14” Electromagnet Type C—for Teaching purposes 
7" RBlectromagnet Type E—for Electron Resonance 


or! 
8" Electromagnet Type D—for Electron Resonance 
and Nuclear Magnetic 
Resonance Work 
Direct Reading Magnetometer Type G 
Proton Resonance Magnetometer Type P 


(aV NEWPORT 
0 










NSTRUMENTS 


(SCIENTIFIC & MOBILE) LTD. 


Rh NEWPORT PAGNELL, BUCKS, ENGLAND 
Telephone Newport Pagnell 401/2 
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Catalogues are available on request (N A1) 


Heath, Hicks & Perken (Thermometers) 
Limited 
New Eltham, London, S.E.9 


Phone ELTHAM 3836 Grams “OPTIMUS” Souphone, London 





FBC 
MINIATURE 
BEARINGS 


range in size from |*5 mm. o.d 
to 10 mm. o d. Some are made 
with. open cups which allow 
clearance for spindle extensions, 
ranging from 0 25 to 2 mm. 
Full particulars and sizes are 
available on application. 


The bearings illustrated 
are actual size 





ALL- 
BRITISH 


FBC FISCHER 
Regd Trade Marks 


FISCHER BEARINGS CO LTD WOLVERHAMPTON 
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GRIFFIN 


«Established in. 1820 


Written specially for the scientist 
and professional man and woman 


THE KEY TO . 
ACCOUNTING 
AND COSTING 


Hl 


J. A. R. TAINSH 


BA (Hons), Mechanical Sciences, Cambridge 


This ts a refreshing, startlingly effective 
clarification of accounts—for you ! Using 
a brilliantly conceived new graphical 
approach, particularly acceptable to the 
scientific and technical mind, it "gets the 
fundamentals across'' as has never been 
done before If. you seek mastery of 
financial and planning responsibilities 
this ıs the book to provide it 


Send for prospectus Price lás, net 


CHARLES GRIFFIN & COMPANY LIMITED 
42 DRURY LANE WC2 


LONDON 








PRECISION INSTRUMENTS 


Simple Type 
Table Spectrometer | 






This instrument 
is supplied at £35 - a 
complete with a 60° 
prism of dense flint 
glass, and ıs suitable 
for use also as a 
goniometer or re- 
fractometer by the 
60° method 
If desired a camera, constant deviation prism and Gauss 
eyepiece can be supplied at extra cost 


Bellingham & Stanley Ltd. | 


DEPT N, 7! HORNSEY RISE, LONDON, N TA 
PHONE ARCHWAY 2270 
Sole Distributors in U K for Schott Monochromatic Interference Filters 
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Colour photography at 


ts / | 

The introduction of a new colour film that is faster than many black- 
and-white photographic materials opens up interesting possibilities 
for research workers The film, Kodak High-Speed ‘Ektachrome’ 
Film, has a speed rating of ASA/BS 160 BS log 33° 

Where coloured dyes are used as markers, 1n metallurgical analysis by 
flame propagation, ın photo-recording where high-speed galvanometer 
traces overlap and need to be identified by colour, in photo-elastic 
stress analysis, ın Schlieren photography, and ın many other fields 


where high-speed transients and identification by colour go together, 
the unparalleled speed of this new colour film will be appreciated. 





"Ektachrome' film 


Full details from Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W C 2 





How d m * LEAD k take to c ë 


by CONVENTIONAL METHODS, a solution having the following 
metals present — 


COPPER - - Sp.pm. | CADMIUM - - 2 
LEAD - - - 7 p p.m 





p.p m. 
ZINC - 200,000 p p.m. P 


These Square Wave Polarograms recorded by the 


| i MERVYN-HARWELL 
SQUARE WAVE POLAROGRAPH Mk. III 


are reproduced here to show the identification of these metals, in 
these proportions, in solution. Note the high ratio of Zn to Od., 
50 without mterference The peaks are identified by the automatic 
potential markers AA1, which enable half-wave potentials accur- 
ately to be established. Permanently recorded on a 10” wide chart. 
^9 — aThswasan actual problem presented to Mervyn Instruments by a leading 
chemical manufacturing organisation. 
Speediest, most Accurate, the Fundamental Development in 
Analysis—and therefore the most Economic Convenient in Design, 
Sensitive in Application. 


20 Send for our full technical leaflets, quoting “Nature” to 


COPSE ROAD, ST. JOHN'S, WOKING, SURREY. 
o Telephone Woking 5200. 
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CHAPMAN & HALL 


x Ready 17 November x 


LABORATORY INSTRUMENTS 
Their Design and Application 
by A ELLIOTT, PHD, psc, & J HOME DICKSON, Msc 
SECOND EDITION—REVISED 
530 pages Illustrated 55s net 
This book 1s based on the experience of many years of research work It presents the principles 
on which good design ıs based, and gives many examples of practical applications As 1n the 


previous edition, the authors have confined themselves wholly to mechanical and optical matters, 
but the original text bas been thoroughly revised and much new material added 


DETOXICATION MECHANISMS 


The Metabolism and Detoxication of Drugs 
Toxic Substances and other Organic Compounds 
by R TECWYN WILLIAMS, PHD, D SC 
SECOND EDITION—REVISED AND ENLARGED 
806 pages Illustrated 126s net 
When the first edition of this book appeared twelve years ago, 1t was the first monograph to be 
published in English describing the chemical changes which drugs or other substances foreign 
to the body undergo when administered to animals At that time the available information on 
the fate of foreign organic compounds in the animal body was fragmentary Since then, the 
increase 1n the knowledge 1n this field has been so great, that the book has had to be completely 
rewritten and enlarged to two and a half times its original size 


37 ESSEX STREET, LONDON, W C2 





PRECISION INSTRUMENTS 


Polarimeter Model A 


This instrument gives the highest degree of accuracy with divided circle on 
glass reading to 0-01 degree 


Circle centre on ball bearings 

Easily removable trough 

Divided drum replacing verniers 
Stationary observation telescope 

Circle reader enlarging image of scale 
Slow motion adjustment always in action 


Suitable, with additions, for measurement of 
rotatory dispersion 


This polarimeter has been supplied in large numbers 
both in this country and abroad and has always been 
acclaimed as being of advanced design and workman- 
ship 
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10028) microbiological reagents and media 





~  PEPTONES and HYDROLYSATES 
E. for Microbiological Culture Media 
n 


E Difco peptones and hydrolysates are prepared to meet the diversified nutri- 
D tional and biochemical requirements of microorganisms A single peptone 
a cannot provide the essential nitrogenous nutriments for all cultural and 
a metabolic processes Dxfco peptones and hydrolysates have been developed 
to meet the vartous requirements for microbiological procedures including 
p growth, preparation of toxin and vaccines, and for the study of microbial 
E metabolism 

- BACTO-PEPTONE * BACTO-TRYPTONE e BACTO-TRYPTOSE 
E BACTO-CASITONE * PROTEOSE PEPTONE * BACTO-CASAMINO ACIDS 


E PROTEOSE PEPTONE NO 3 * BACTO-CASAMINO ACIDS TECHNICAL 


NEOPEPTONE e BACTO-VITAMIN FREE CASAMINO ACIDS 
Over 60 years’ experience assures UNIFORMITY * STABILITY « ECONOMY 


n l 

E Difco Laboratories 

- Prompt delivery from U K stock Write for Difco Manual and technical leaflets to the sole agents 
P 


o BAIRD & TATLOCK (LONDON) LTD , CHADWELL HEATH, ESSEX, ENGLAND 


Branches m London, Manchester and Glasgow Agents throughout U K and all over the world 
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SMALL AIR COMPRESSORS 
AND LIQUID PUMPS FOR 
SCIENTIFIC PURPOSES 


PRESSURE 0-50PSI 
0 ~ 28" of MERCURY 
0-92CFH OIL FREE 


VACUUM 
F.AD 


THE MU 19,60 DOUBLE-ENDED AIR COMPRESSOR 
ILLUSTRATED HERE MAY BE USED IN 
PARALLEL, SERIES OR INDEPENDENTLY 


For further information please write to 


CHARLES AUSTEN Pumps LTD. 


PETERSHAM WORKS 


HIGH ROAD, BYFLEET, SURREY 
Telephone BYFLEET 3314/3368 





Use a Golder 


MICROFLEX 


EYEPIECE CAMERA for your photo- 
micrographic records 

Send for leaflet M89 for further information 
ALBERT GOLDER & CO., 137 DAIRSIE RD., 


ELTHAM, LONDON, $ E9 Phone ELTham 5126 
Trade Supplied 











Since 1915 "GURR'S" brand of MICROSCOPICAL STAINS and 
Reagents has become world-famous 


H you want this world-famous brand, specify *"GURR'S'* 
and refuse any other 
Ask for catalogue F8 
GEORGE T GURR LTD. 
136-138 NEW"KINGS ROAD, LONDON, S.W.6 





GLASSWORKERS' 


STRAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indicauon of strain 
Field and sight aperture 1i" 
dia Dimensions 6$" x 54" x 
S" Price £11 16s 6d. 
As above but without colour 
analyser showing strains against 
black field Price £5 5s, 0d 
Immediate Delivery. 


H. S. B. MEAKIN, LTD., 36, Victoria Street, S.W.I 
SUPPLIERS OF POLAROID PLASTIC and GLASS Tel Abbey 6713 
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VIBRATION 


ENGINEERING 
W. KER WILSON, 


D.Sc., Ph.D., M.I.Mech.F. 
Chief Research Engineer, De Havilland Engine Company 
A new work, by a leading authority, on prob- 
lems of vibration and vibration isolation, 
giving a thorough exposition of principles and 
practical methods of solution ue account is 
taken of the assistance available from cal 
culators and from digital computing equipment 
292 pages, 10 in. x 7$ in 52 illustrations 

32 tables Os net 
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Editor M G KENDALL, $c D 


No | ANALYSIS OF MULTIPLE TIME- 
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No 3 


Delayed by printing dispute but ready shortly 


No.6 INTRODUCTION TO INFINITELY 
MANY VARIATES ENDERS A 
ROBINSON, Ph D 


CHARLES GRIFFIN & COMPANY LIMITED 
42 DRURY LANE WC2 


LONDON 





PRECISION INSTRUMENTS 


Fabry-Perot 
Interferometer 


Although of very simple design, this instrument is suitable for 
much of the work usually carried out by more elaborate and 
costly apparatus, and reads directly to 1/250 mm it can be 
supplied with an attachment to convert to a Michelson inter- 
ferometer, thus giving a dual purpose instrument 
Price Complete £190 Qs. 
Attachment for converting instrument into Michelson 
Interferometer, extra £45 Os 
Polished wooden case, extra £9 10s 


Bellingham & Stanley Ltd. 


DEPT. N, 7] HORNSEY RISE, LONDON, N.I9 
PHONE ARCHWAY 2270 
Sote Distributors in U K for Schott Monochromatic Interference Filters 
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Colour photography at 


J 5 | 

The introduction of a new colour film that 18 faster than many black- 
and-white photographio materials opens up 1nteresting possibilities 
for research workers The film, Kodak High-Speed ‘Hktachrome’ 
Film, has a speed rating of ASA/BS 160 .. BS log 33°. 

Where coloured dyes are used as markers, 1n metallurgical analysis by 
flame propagation, 1n photo-recording where high-speed galvanometer 
traces overlap and need to be identified by colour, 1n photo-elastic 
stress analysis, in Schlieren photography, and 1n many other fields 


where high-speed transients and identification by colour go together, 
the unparalleled speed of this new colour film will be appreciated. 


‘Ektachrome’ film 


Fuil details from Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W C.2 


GAS CHROMATOGRAPHY 


advance un 
inta the future 


Gas Chromatography Ltd are not con- 
tent to rest on a reputation already hard 
Pes won They are striding ahead—setting 
a the pace with many new developments, 
particularly in. Preparative, Analytical 
and Capillary Detector Work Those 
who travel with Gas Chromatography 


CG Ltd will go far—-and fast 


We have prepared an interesting 
E descriptive brochure—please send for 
1t 








GAS CHROMATOGRAPHY LTD., 176, Old Brompton Road, S.W.5. FREemantle 7233 
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Spectrometer No. 3 


Fitted with circle of 30 cm. diameter divided 
to read by vernier to 10 seconds 





PRISM TABLE rotates and is fitted with 
levelling screws 


TELESCOPE AND COLLIMATOR have 
centring adjustment 


EYEPIECE is of 25 mm separation 





Our technical staff are always available to give help or advice 
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microbiological reagents and media 


Bacto-Dehydrated Media for Microbiological Assay of 
VITAMINS and AMINO ACIDS 


These med1a contain all the necessary nutriments for the growth of specified test organisms for the mucrobiological 
assay of vitamins and amino acids except for the component under assay ‘These basal media require only the 
addition of specified increasing amounts of the vitamin or ammo acid being assayed to obtain a growth response 
which may be measured by acidimetric or turbidimetric methods for the construction of standard curves ‘The 
vitamin or ammo acid content of the material under assay 1s determined by adding appropriate concentrations of the 
test subs tance to the basal medium and comparing the growth response obtamed with that of the standard 


70m 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-FOLIC ACID ASSAY MEDIUM. BACTO-METHIONINE ASSAY MEDIUM 
RS BACTO-NIAGIN ASSAY MEDIUM BAGTO-PYRIDOXINE ASSAY MEDIUM ——— BAGTO-LYSINE ASSAY MEDIUM 
NS BACTO-THIAMIN ASSAY MEDIUM ees Attn MED ARE BACTO-ISOLEUGINE ASSAY MEDIUM 
E BACTO-PANTOTHENATE ASSAY MEDIUM  RACTO-CF ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 
BACTO-B,, ASSAY MEDIUM USP BACTO-TRYPTOPHANE ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
b BACTO-CS VITAMIN B,, AGAR BACTO-LEUCINE ASSAY MEDIUM BACTO-CYSTINE ASSAY MEDIUM 
b The method employed m carrying stock cultures of BACTO-MICRO ASSAY BACTO-B, CULTURE 
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ment of conductance, connections are provided for the com- 
parison of two conductivity cells this ts useful for finding the 
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range switch is arranged so that the circuitry is changed auto- 
matically to suit a comparison or an absolute measurement 
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1% Measurement from 0 1. nucromho to 10 mhos 
covered in four switched ranges 0 1 micromho — 10 
micromhos, 10 micromhos — 1000 nucromhos, 1000 
muicromhos — 0 1 mho, 0 1 mho — 10 mhos 


% Scale graduated 008 to 13 mhos 20% overlap 
between the ranges with reduced accuracy 


* Oscillator automatically selected by range switch to 
give 300 cjs on first two ranges and 6 hc[s on the 
second two ranges 


X Built-in Cathode Ray oscilloscope provides a very 
convenient method of null- point indication 


* Final balance is a sumple two control operation 


k High accuracy in centre of scale, At the end of the 
scale (worst conditions) accuracy of bridge circuits 
slide wire and series arm is + 0.2% of reading. 














NATURE 


No 4704 SATURDAY, DECEMBER 260, 1959 Vol 184 


CONTENTS 


Page 
Sorentiric MAN-POWER PROBLEMS IN BRITAIN : 1971 
Myra anp Rirvuan By Prof Norman W Porteous . i 1972 


NUCLEAR TECHNOLOGY AND THE SCHOLARLY Trapivion By Dr J Walker 1973 


HETEROGENEOUS CaraLysıs By Dr F S Stone . 1974 
Tae Genus Oenothera By Dr W B Tumi, OBE,FRS . . . 1974 
Scrence AND ScogPTICISM By Prof CO K Grant à 1975 
THE UNIVERSITY or LEICESTER By Sir John Wolfenden, CB E. . 1975 


Jonic Partition AND Fine Srructure IN Musong By Dr Shuley 


Simon 1978 
SCIENTISTS AND ENGINEERS IN BRITAIN 1982 
News anp Views 1984 
HEATING AND VENTILATION By Dr © N Davies . 1987 
SELECTIVE OXIDATION OF TETRAPYRROLE S1pE-Cuarns By J Barrett and 

P Olzy . , 1988 
Higs PREVALENCE Or HIGH-LEVEL g-ÁMINO-0BUTYRIO ACID ÉXCRETORS 

IN MionowEsiaNS By Dr. B S Blumberg and Dr S M Gartler . . 1990 


REPLICATION or Tospacco Mosaic Virus By Prof Barry Commoner, 
Dr James A Lippincott and Dr Janey Symington , Prof Barry Commoner 1992 


RECENT Sorentiric AND TECHNICAL Booxs . ; s Supp iv 


d NATURE December 26, 1959 


CHAPMAN & HALL 


Just Published 
Analysis of Deformation 


by KEITH SWAINGER Ph.D. (Eng ) London 
Volume IV — Waves and Vibrations 


397 pages Illustrated 75s net 
In this last volume of Dr Swainger's treatise, the theory that “all substances deform under 


applied loads," which was introduced in Volume I, ıs applied and the available experimental 
evidence 1s examined for the propagation of stress through, and on the surface of, various 


physical properties * 


FROM CONSULTANTS BUREAU, INC, NEW YORK 


Research on 


Novocain Therapy in Old Age 


Papers by ANNA ASLAN, MD and Others 
Translated from the German 
78 pages Illustrated 100s net 
These reports by Professor Aslan and her co-workers at the CI Parhon Institute of Geriatrics 
in Bucharest originally appeared in Die Therapiewoche Also included are two reports from 
the same journal by Professors C M Burger and F H Schulz, of Leipzig, and U Kohler 
and E Mampel, of Halle/Saale 


37 ESSEX STREET, LONDON, WC 2 





PRECISION INSTRUMENTS 


S PP CC É Pre 4j ra Pp he with quarts optical system 


for Emission spectra 
Absorption measurements 
Rotary dispersion with polarimeter in the u.v. 
and other 
spectroscopic 
investigations 








Critica! definition is obtained over the 
entire range of the spectrum. Size of 
photographic plate 12 in. x3 in. A larger 
instrument can be supplied giving a 12 in. length of spectrum between 8,000A and 2,100A. 


DIMENSIONS, ETC. 


Length of spectrum 7,000A to Bellingham & Staniey Ltd. 
Overall length of instrument oe DEPT N, 7! HORNSEY RISE, LONDON, N.I9 
Overall width of instrument 35 m PHONE: ARCHWAY 2270 


Overall height of instrument 


46 cm Sole distributors in U K for Schott Monochromatic Interference Filters 
Weight 38 kilos or 84 Ib 





No 4692 October 3, 1959 


NATURE 


1005 


NATIONAL PARKS AND NUCLEAR POWER STATIONS IN BRITAIN 


N addressing the Conference of National Park 
Authorities at Bakewell recently, then Minister of 
Housing and Local Government, Mr H Brooke, said 
that the national parks in Britain are not mtended 
to be either museums without life m them or mere 
hohday resorts, and he emphasized once more the 
need to carry with us, m serving whatever purpose 
the national parks should meet, those who work and 
have ther homes within those areas The vital 
necessity of public understandmg and support has 
been clearly demonstrated duiimg the first ten years 
of the operation of the National Parks and Access to 
the Countryside Act, but it has also been made 
abundantly plain that one of the major difficulties 15 
that of finance The failure of successive Govern- 
ments to provide the means has been the mam cause 
of lack of progress, both through the impossible 
burden 1t has put on local authorities and by hmdermg 
or even preventing the work of educating public 
opmion 
It would appear from his address to the Con- 
ference that the Minister was aware of much of this 
and it could be mferred from the tenor of his address 
that he had ın mund the possibility of an amending 
or amplifying measure m the near future It ıs true 
he speerfied a clear conception of what the national 
parks are mtended to be as a pre-condition of any 
fresh legislation, and ıt 1s obvious that the time is 
ripe for a good deal of clear and constructive thinking 
over this whole question of amenity, of the relation 
between national and local interest and the balance 
between veiious national interests which may or 
may not be irreconcilable 
From this pomt of view alone, the report of the 
Forest of Dean Commuttee* merits attention This 
Committee was appomted m June 1955, under the 
chairmanship of Sur Thomas Creed, to review the 
situation in the Forest of Dean and, havmg regard to 
all existing rights and mterests, to recommend such 
measures as are considered desirable and necessary 
to secure that the admunistration of the Forest, more 
particularly as regards the grazing of ammals, may 
be adjusted to modern requirements The Forest of 
Dean is one of the ancient royal forests, second m 
area of woodland only to the New Forest, but 
although the forest does not he m a national park 
area, ib meludes the first woodlands of the Forestry 
Commussioners to be designated a national forest park 
in England Its admimistration mvolves problems of 
reconcilmg such interests as afforestation, common 
grazing, and mmeral and other development, which 
give the report of this Committee a profound interest 
to all concerned m the problems connected with the 
preservation of amenity and development generally 
It 18 the recommendations of the report mn regard 
to amenities, development and planning that are of 


* Forestry Commission ‘Report of the Forest of Dean Committee, 
1958 Pp v+50-+-14 plates (Cmnd 686) (London HM Stationery 
Office, 1959) 8s net 


chief interest here, although those relatmg to grazing, 
which occupy the greater part of the report, are of 
course equally important if damage either to sylvi- 
culture or features of special mterest and beauty, 
which constitute the charm of the Forest and give 16 
high amenity value, 1s to be mmimized The report 
firmly opposes any proposal to carry out open-cast 
coal-working, in view of the grave effect such oper- 
ations would have on the amenities of the Forest, 
and it will be noted that the National Coal Board on 
August 19 announced its mtention of discontinumg 
such workings Likewise, the Committee recommends 
that the deputy surveyor, the officer responsible for 
the control of the Forest, should mvariably be con- 
sulted when an application is made for a grant of 
land for mming or quarrying, or for the extension of 
the period of existing grants It 18 also recommended 
that the siting of overhead power lines should be 
planned to cause the least possible disturbance to the 
iural scene, and should be subject to the pror 
consent of the verderers 

Many of the recommendations relate to matters 
of detail, such as the plantmg of the old colliery 
spoil heaps, the leaving of any disused railway track 
in a condition fit for other uses, the character of 
fenemg and the immediate correction of such abuses 
of the open forest as the boiler works at Clearwell 
Meens (Slmg) Tribute 1s paid to the valuable 
development work which has been done by the 
Development Association of the Forest of Dean, 
which should be encouraged to continue , but mdus- 
trial development should be limited to that providing 
occupation for people who live ın the immediate 
viemuty of the Forest and its surrounding villages 
&nd, so far as possible, should be concerned with the 
raw material of the Forest It 1s recognized that 
there is scope for further development of the tourist 
mdustry by providing more hotels, but the Com- 
mittee recommends that the whole of the Forest 
should be declared an area of ‘special control’ under 
the Town and Country Planning Act, 1947, and 
particular attention paid to outdoor advertising. 
Provision of additional caravan sites and campmg 
grounds and further facilities for car-parking and 
pieniemng are also recommended, and the creation of 
additional poinws of view, with any necessary clear- 
ance of glades The Forest is fortunate m having 
souls universally recognized as favourable for the 
growth of the more exacting broad-leaved trees such 
as oak and beech, and ıt 1s recommended that the 
Forest should continue to be predommantly broad- 
leaved, and that the practice of placmg tree name- 
boards where appropriate should be extended 

The most cursory reading of the debate on national 
parks in the House of Lords on July 1 reveals the 
relevance of such details to the functionmg, or even 
the existence, of national parks themselves, and thore 
was a subsequent debate on nuclear power stations 
in the House of Commons on July 30 which was 
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concerned specifically with the sitmg of overhead 
power hnes This latter debate arose out of the 
decision to place a nuclear power station at Dungeness 
and to convey power, by overhead hne or pylons, 
thence to Canterbury Other aspects of that decision 
are considered below, but the proposal to erect 
such overhead transnussion hnes from the power 
station to a sub-station at Lydd and to construct 
certain sections of an overhead transmission line 
from Lydd to a sub-station at Canterbury was also 
covered by the public mquiry on December 16-18, 
1958 The Mimister of Power, after consultation with 
the Minister of Housing and Local Government, 
announced on July 11 his intention to consent to 
the construction of the power station and of the 
overhead transmission lines 

The reports of the inspectors m charge of both 
these inquies have been publshed, and that 
relating to the power station, a proposal which was 
uneompromusmgly opposed by the Nature Con- 
servancy, and its approval described by the Council 
for Nature as a scientific tragedy, merits close study 
by the scientist The debate on July 30, however, 18 
of interest for the reply ıt drew from Sir Jan Horobin, 
then Parhamentary Secretary to the Ministry of Power, 
first defendmg the Government’s sitmg policy and 
then explaming further the position regarding over- 
head transmission The Couned for Nature had 
suggested that the Government should now review 
its pohey of sibing power stations on coast lands, as 
ib would be impossible to contmue indefinitely the 
siting of such stations away from built-up areas if 
any stretches of coast were to be preserved unspoiled 

Sir Ian advanced no fresh arguments ın defence of 
the present pohey, though :t 1 mopheit in his state- 
ment that the policy should be reconsidered as soon 
as practical experience has demonstrated the extreme 
remoteness of any possibility of accident On the 
question of overhead transmission, he gave figures 
for underground transmission as of the order of 
£200,000 & mile, with a further 50 per cent to cover 
trenchmg and fillmg-in, and another £100,000 in 
certam circumstances to overcome instability due to 
the condenser properties of the cable He did not, 
however, disclose the basis of this estimate of, say, 
£300,000 a mile, which Mr W F Deedes had chal- 
lenged , and, although he assured the House that 
the question of design is recerving very careful 
attention, m view of the strong objections to over- 
head transmission on amenity grounds and the 
musrepresentations of which the electricity boards 
have been guilty from time to time, ıt would seem 
somewhat unreasonable not to prepare independent 
figures from a source the mmpartiality and technical 
standing of which are alike above suspicion It was 
stated by Mr Regmald Maudhng m a written reply 
m the House of Commons on July 13 that a decision 
on other parts of the transmission limes had been 
deferred, pendmg the examimation of a possible 
alternative route which the Minister of Power had 
requested 

The debate m the House of Lords preceded the 
announcement of the Minister's decision, but took 
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place a few hours after work had been started on the 
Trawsfynydd nuclear power station—the outstanding 
example so far of the approval of the erection of a 
major industrial undertaking mn the heart of a national 
park The debate was primarily on the ninth annual 
report of the National Parks Commussion, and 16 was 
notable for an outstanding speech by Lord Birkett 
Lord Silkm, m opening the debate, had paid tribute 
to the value of the voluntary work now being done 
in the national parks, for example, by wardens, and 
in clearing away disfigurements, but after com- 
menting that the Trawsfynydd decision was actually 
contrary to the opmion of the Ministry’s own in- 
spector, had stressed the need fo. adequate financial 
support from national rather than local sources 
Lord Silkm was strongly supported m all this by 
Lord Birkett, who commented that the Minister of 
Housmg and Local Government should pay much 
more attention to the recommendations of the Com- 
mission, and that even as little as one-eighth of a 
penny a week per head of the population would 
suffice to preserve and guard natural beauty m oui 
parks compared with the lls a week at present 
required for national defence 

The core of Lord Buirkett’s speech, however, did 
not he in this plea for adequate financial support 
and pubheity or even for the placmg of the financial 
responsibility for a national interest where it properly 
belongs—on national and central rather than on local 
funds It was rather m his reasoned argument that 
the National Parks Commissioners should have 
adequate power This is partly a matter of appropriate 
admunistrative arrangements—national and not local 
—hbhough Lord Birkett imsisted on the need for local 
support and understanding , but ıt 1s much more a 
matter of recognizing that there are and must be 
occasions when amenity is the over-riding national 
interest, and on this pomt Lord Birkett supported 
the proposal to establish a special commuttee of the 
Privy Council as an appeal tribunal Over the 
years, he urged, a body of decisions would in this 
way be collected which would constitute a contin- 
wng guide, and with this, and certain modifica- 
tions to the National Parks Act m respect of 
such matters as compensation, Lord Burkett 
seemed to think the situation might be met satis- 
factonly 

While welcommg these speeches, the Earl of 
Dundee, m his reply on behalf of the Government, 
did not offer an assurance of legislation or meet the 
argument for the over-ridmg interest of amenity m 
certain circumstances Lord Silkm, indeed, dis- 
sociated himself afterwards from Lord Burkett’s 
proposal for an appeal tribunal, but that merely 
strengthens the argument for adequate authority for 
the National Parks Commussioners themselves. Even 
more than the Trawsfynydd decision, that approving 
the erection of a nuclear power station at Dungeness 
demonstrates the madequacy of the assurance of the 
Earl of Dundee that the Government 18 conscious of 
itis duty to preserve and enhance the beauty of 
national parks, and that such problems will be 
earefully studied 
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The Dungeness proposal was strongly opposed on 
various grounds by the Kent County Council, the 
Botanical Soerty, the Royal Society for the Pro- 
tection of Birds, the Council for the Preservation of 
Rural England, the National Farmers’ Union, the 
Dungeness Fishermen’s Association and others, but 
16 18 the opposition of the Nature Conservancy and 
the Couneil for Nature that is of main scientific 
interesb, and even fiom the national pomt of view 18 
most significant The Nature Conservancy did not 
oppose the proposal simply on the ground that the 
site chosen lay within a projected nature reserve 
lis opposition was based much more on the unique 
and irreplaceable permanent :mportance to science 
of the land ın question, for which there 1$ no adequate 
substitute ın Europe As Mr E M Nicholson, 
director of the Nature Conservancy, explained im his 
evidence at the inquiry, the area, whuch 1s probably 
the most important stretch of new land added to 
England since 1600 and is the most suitable for 
tiacing natural processes of coast-buildmg as well as 
the largest cuspate foreland m the British Isles and 
probably m Europe, had long been treated through- 
out the world as a type example of a major coastal 
depositional feature It combmes a history of major 
shore changes with 1ecords of other related changes 
such as iiver outlets, ports and settlements, and 
provides materials for research on the relations 
between the emergence of dry land and the variation 
of the shore-lme Physiographers have made com- 
prehensive studies of this area over a prolonged 
period, generally involving investigations of the 
shmgle composition of the various ridges which appear 
on the Foeland There is still, however, a wide 
divergence of views on how and why this massive 
deposition of shingle at Dungeness occurs The 
presence of a power station on the site would prob- 
ably prevent the continuance of the scientific work, 
while the destruction of the shingle mdges would 
destroy the evidence from which scientists could 
reach them conclusions 

These studies, moreover, are of practical umport- 
ance to coastal engineers, and ther interruption 
would represent a great loss to the science of coastal 
studies A subsequent statement issued by the 
Council for Nature describing the decision as a 
scientific tragedy went so far as to assert that one 
result might well be the eventual disappearance into 
the sea of yet more villages on the east coast of 
Britam through lack of adequate knowledge of the 
means to check erosion Mr Nicholson emphasized 
that the srte fo. the power station covered practically 
the whole of the remammg undisturbed area of 
shingle and coincided with the area where the recent 
ridges could be dated precisely from the nineteenth 
and twentieth century surveys Any large-scale 
interference with this shmgle would thus make ıt 
impossible for any further studies on the ground to mk 
the present to the past m ummnterrupted sequence, 
and thus destroy for all time the area of scientific 
value to physiographers, sterilize the follow-up of 
past studies and prevent future work from which 
important results were anticipated and for which much 
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fundamental material existed on the Dungeness 
site 

Besides these reasons, which were fully supported 
by the Couneil for Nature, other objections to the 
proposal are mnor Ther force was fully admitted 
by the mspectors m charge of the mqury, who 
recognized that the shingle ridges withm the power 
station site would be destroyed, but though they 
thought that the work of the bwd observatory at 
Dungeness might also bo affected, they did not think 
that the area would be entirely impaired as a nature 
reserve, or that the work of botanists and entomo- 
logists would be upset Nevertheless, with some 
reluctance, the inspectors in ther report recom- 
mended consent to the construction of the power 
station, and, as already noted, the Minister of Power 
has now given his decision accordingly 

In a&nnounemg his decision, the Minster stated 
that he had had m mmd the growth of the demand 
for electrieiby and the great importance of imple- 
menting the nuclear power programme He also 
pomted out that, even 1f there were no nuclear power 
programme, 15 would not be practicable to site new 
power stations on the coalfields, because of the very 
laige quantities of cooling water required Neverthe- 
less, he did not meet the essential pomt that from a 
physiographical pomt of view the Dungeness site 1s 
unique and its loss irreparable , alternative sites for 
power stations do exist and will ultimately have to 
be found This is indeed the key issue and might 
well justify the decision bemg described as something 
more than a national tragedy Until ıt 1s recognized 
that there are places where the national mterest 1s 
primarily amenity or scientific, and where power 
development or even defence must be secondary, 
neither nature conservancy, national parks nor the 
planning of land development can have any real 
meaning It ıs of the utmost umportance that the 
fullest possible use should be made of such reports as 
those of the Forest of Dean Commuttee, the National 
Parks Commussion and of the Dungeness inquiry 
itself They demonstrate what is really mvolved and 
the price that has to be paid if m any part of this 
small island natural beauty, flora and fauna, or the 
scientific task of understandmg and ufihzing the 
natural resources of Britain are to be safeguarded 
against sectional and transient interests 


THE EARTH AS VIEWED IN 1959 


The Earth 

Its Origm, History and Physical Constitution By 
Sir Harold Jeffreys Fourth edition Pp xvi+420+ 
10 plates (Cambridge At the University Press, 
1959) 75s net 


EOPHYSICAL research has proceeded so rapidly 
since pubheation of the third edition of Jeffreys’s 
“The Earth" ın 1952 that he decided to revise 1t Our 
information and hypotheses about the unrverse are 
changing rapidly, as any reader of Nature knows 
These hypotheses provide new ideas about the origm 
of the Earth and, consequently, change our notions 
of the Earth's history Use by geophysicists’of elec- 


1008 


tromic computers accelerates interpretation of new 
results in many fields of geophysics and permits 
rapid checking of hypotheses Total funds available 
for geophysical research, even after the International 
Geophysical Year, are many times more than they 
used to be New conclusions, many of them about 
properties of the oceanic crust of the Earth, mount 
rapidly and many of them are making apparently 
well-confirmed hypotheses obsolete We have to 
consider the possibilty that phase changes m silicates 
are responsible for discontimutties in the Earth which 
before have been attributed to sudden changes m 
material Our hypotheses concerning the source of 
the Earth’s magnetic field are m a state of flux It 
has been found that the temperature mside the Earth 
may be greatly affected by radiation, especially 
across portions of the Earth’s mantle There are 
other examples for the fact that, at present, many of 
our hypotheses concerning the Earth are changmg 
much faster than durmg any earher period Moreover, 
hypotheses about new fields ın geophysics, for example 
on the outer atmosphere, are added As a consequence, 
it is now impossible for one person to be expert over 
the whole of geophysics, as Jeffreys points out m the 
preface, and he does not discuss the problems men- 
tioned above, 

This rapid progress in geophysics requires that any 
geophysicist who wants to be up to date must consult 
new books and pubheations Since Jeffreys’s “The 
Earth" ıs the most used and best accessible book 
about geophysical problems, it is very gratifymg 
that the fourth edition has been published Every 
scientist workmg with problems which are discussed. 
in the book will have to familiarize himself with the 
new edition Among the problems, for which Jeffreys 
has revised earlier discussions, are some related to 
non-elastic processes Unfortunately, many of these, 
while playmg a very mnportant part m geophysics, 
are still poorly understood even by specialists Lack 
of such information affects investigations of the 
processes connected with body tides, variation of 
latitude, Love’s numbers for the Earth and related 
problems, ete Among other sections which have 
been revised by Jeffreys are those related to the 
temperature in the Earth and the structure of the 
upper portion of its mantle New results concerning 
both have been published smce the new edition was 
written  'fhe suspected wandering of the Earth's 
magnetic poles is mentioned in the fourth edition, 
but in connexion with this and the related problem 
of contimental drift, Jeffreys has still too many doubts 
about the underlying processes to give details How- 
ever, his books are always mspiring, regardless of 
whether the reader agrees with his conclusions or 
not To summarize study of the fourth edition of 
“The Earth" 1s strongly recommended to all scientists 
investigating problems related to physics of the 
Earth B GUTENBERG 


GEMMOLOGY 


Gemstones 
By G F Herbert Smith Thirteenth edition, revised 
by F C Phillips Pp 560+27 plates (London 
Methuen and Co, Ltd, 1958) 50s net 

ERBERT SMITH'S "Gemstones" has been a 

standard book of reference on precious stones 

and a text-book for students of gemmology ever since 
its first edition appeared in 1912 In its nmth 
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edition, published m 1940, ıt was considerably 
enlarged and still further additions were made to 
the tenth edition ın 1949 

In the new edition Dr Coles Philips has shortened 
and simplified the chapters on crystal form and 
structure and the chapter on optical properties 
Chapters on orgamic products—ivory, tortoise-shell, 
coral, yet and the resins—have been reduced and a 
short chapter on the formation of gemstones has been 
added, and also a very welcome chapter on the 
polarizing microscope 

An important change in the arrangement is made 
m that the distinetion of precious and semi-precious 
stones is dropped Instead of the old arrangement 
the principal gemstones are described in fifteen 
chapters and the others are collected in alphabetical 
order m one long chapter This chapter contams 
descriptions of 25 muneral species that provide 
gemstones of varying merit and scarcity, includmg 
two new species discovered as gemstones, pamute 
and taaferte, MgBeAl,O, Smbhalite, MgAIBO,, 18 
described under olivme, with which 1t was confused 
until about 1957 

The book has been brought up to date wherever 
necessary and ib has been possible to include a brief 
account of the successful crystallization of diamond 
in the laboratories of the General Electric Co, 
Schenectady, New York Another piece of diamond 
news, concernng the famous Hope Diamond, was 
announced perhaps too late for printing m this book 
This wonderful blue diamond of 44 4 carats, formerly 
the property of Mr Harry Winston of New York, 
has now been presented by him to the Smuthsonian 
Institution and is displayed in a special case in the 
newly designed muneral gallery of the National 
Museum m Washington. 

In conclusion ıt should be added that print, paper 
and illustrations in this new edition are much 
unproved and both author and publishers are to be 
congratulated W CAMPBELL SMITH 
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TRENDS IN STATISTICS TEACHING 


A First Course in Statistics 
By Robert Loveday Pp xu+121 
At the University Press, 1958) 8s 6d 


Statistics 
An Introduction By Prof D A S Fraser (Wiley 
Pubheations m Mathematical Statistics ) Pp 
1x4-398 (New York John Wiley and Sons, Inc , 
London Chapman and Hall, Lid, 1958) 54s net 
HE flow of statistical text-books, which some 
years ago threatened to swell mto a flood, has 
recently dwindled to a tiickle, the appearance of 
two new books almost simultaneously 1s therefore 
a matter of some interest But simultaneity is about 
the only thing these books have m common The fact 
that they are aimed at different classes of students, 
m Mr Loveday s case General Certificate of Educa- 
tion ordmary-level candidates, and m Prof Fraser’s 
case mathematical students m universities, accounts 
for only part of the difference The main difference 
arises from a fundamentally different conception of 
what statistics 1s about 
Mr Loveday ıs concerned throughout with distri- 
butions of empirical data and how to describe them 
The concept of probability scarcely enters mto the 
discussion, in the mdex, for example, the term is 
not even mentioned No doubt Mr Loveday has 
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succeeded ın presenting a clear and simple introduc- 
tion to descriptive statistics Certamly he has col- 
lected together a set of exercises which will be useful 
m elementary teachmg But ıt may be questioned 
whether, m the hght of the developments of the 
subject that have taken place durmg the past thirty 
or forty years, this exclusive concentration on 
descriptive statistics 1s the best way of introducing 
the subject even at the most elementary level One 
would have thought that some of the time spent 
discussing measures of location and dispeision and 
similar matters could have been spared for an 1ntro- 
duction to the more exciting topics of probabihty, 
samphng and mference 

For the choice of subject-matter the author 1s 
perhaps not so much to blame as the General Certi- 
ficate of Education examming authorities Mr Love- 
day must, however, bear the responsibility for clutter- 
ing up the student’s mmd with unnecessary and 
esoteric terms such as “ogive” m place of ‘cumulative 
frequency distribution’, “Galton graph” for ‘scatter 
diagram’, “historigram” for ‘graph of a time series’, 
“direct correlation” for ‘positive correlation’, and so 
on Those fortunate enough to become professional 
statisticians will never use these terms later im life 
Why should they have to learn them as beginners ? 

It 15 hard to justify Mr Loveday’s treatment of 
regression, as he confines his discussion of the fittmg 
of regression lines to methods which are almost never 
employed in practice Why not give the student the 
formula for the least-squares coefficient? The 
formula for the correlation coefficient 1s grven in the 
succeeding chapter and this 1s certamly harder to 
understand, as well as to calculate, than the regression 
coefficient 

Two mmor points First, the definition of a random 
sample on page 93 as "one for which every member 
of the group has an equal chance of selection" is 
quite madequate For example, a population of a 
hundred mdividuals could be divided into ten sub- 
groups of ten m some systematic way and a sub-group 
picked at random, then every imdividual would 
have exactly one chance m ten of bemg picked but 
we would not have a sample of the kind the author 
is concerned with Secondly, the formula given for 
the normal distribution on page 107 should have the 
n deleted. 

Prof Fraser’s approach 1s completely different 
He begins with probability and probability distri- 
butions and never mentions empirical frequency 
distributions The question of what are the best 
measures of location and dispersion does not detam 
him at all: he plunges straight for the mean and 
variance and presses on at high speed Such an 
approach ıs quite mtelhgible in the hght of modern 
statistical methods where the emphasis has shifted 
away from pure deseription to the fitting and testing 
of mathematical models Of course, m the book under 
review the treatment can be, and 1s, conducted at a 
fairly advanced level ın view of the mathematical 
level of the reader for whom ib 1s tended — Never- 
theless one would like to see a similar sprit abroad 
at all levels, however elementary 

While reading the book one has the 1mpression that 
among the author’s guiding lights has been the wish 
to introduce students as early as possible to the ways 
of thinking about statistical problems that are custom- 
ary among professional research workers It was 
particularly good to find a thorough treatment of 
orthogonal transformations, projections on to sub- 
spaces and pivotal reductions of the normal equations 
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Once these basic ideas have been grasped the theory 
of multiple regression, the analysis of variance and 
covariance. and much else in statistical theory 
become straightforward 

In spite of the book s merits 1+ must be confessed 
that parts of ıt are likely to be found hard going by 
some students, particularly Chapter 7 on sampling 
from finite populations and i58 applications to the 
analysis of variance Thero are easier ways of derv- 
ing the formula for the variance of the mean of a 
sample from a fimte population than that grven on 
pages 136-7 Moreover, the misuse of the term “strati- 
fication ' should not pass unmentioned Prof Fraser's 
“nested sampling” corresponds m sample survey 
termmology to multistage sampling, not to stratified 
sampling One feels that many of his results could 
be obtained more simply by current multistage theory 
than by the methods given in this chapter 

J DURBIN 


THE CULTURE OF CELLS 


Cel] and Tissue Culture 

By Dr John Paul Pp vin+261+9 plates (Edin- 
burgh and London E and S Livingstone, Ltd, 
1959) 30s net. 


N 1959 ıt can be said that the technique of tissue 

culture is well established and widely applied, 
even on an industrial scale This claim could not 
have been made m 1949 Yet, more than fifty years 
ago the principles of cell cultivation outside the body 
were deseribed and successfully demonstrated by 
Ross Harrison, and his work was energetically fol- 
lowed up by pioneer schools m the United States, 
Britain and elsewhere in Europe 

As 18 strikingly apparent m Dr Paul's book, a 
new phase of confidence and application began about 
ten years ago, and cell and tissue culture to-day 
provides the following opportunities Mammahan 
and plant cells, adapted to culture conditions, can 
multiply indefinitely ın chemically defined media 
When required, gram amounts of cells may be har- 
vested after relatively short periods of growth All 
aspects of cell multipheation and development can be 
accurately determmed and recorded Permanent 
cell strains, ncludmg a number of human origin, are 
available, and cultures can be sent safely to any part 
of the world 

Clones are now readily established from single 
isolated cells, the chromosomes can be made clearly 
visible and ther metabolic effects determmed, 
Viruses may be detected and ther pathogenicity 
investigated The metabolism of cancer cells and 
their response to treatment can be compared with 
the behaviour of normal cells, if these are fieshly 
explanted from the body tissues 

Dr Paul’s up-to-date text will be mvaluable to 
every newcomer to the technique and ıt will also be 
welcomed by experienced workers It describes 
lucidly all the technical aspects of the work, fiom the 
organization of a suitable laboratory (including such 
time-saving detail as a list of manufacturers) to the 
special procedures required for cell research The 
book 18 more than a laboratory manual, for 1t contains 
well-considered accounts of developments m cell 
research and a valuable store of references The 
only suggestion to be made 1s that future editions 
mught include a section on the use of isotopic meta- 
bohtes m tissue culture investigations 
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The reviewer does not wish to leave the impression 
that the cultivation of cells is now an easy matter 
and that there are no pitfalls The newcomer to the 
technique would be well advised to get some practical 
experience m an established laboratory As Dr Paul 
explains, his book ıs based to a certain extent on the 
mstruction material of the Tissue Culture Association 
Summer School, which has m recent years provided 
a basic treinmg for a few hundred individuals in the 
United States There 1s, as yet, no comparable 
scheme in Europe I Lesie 


MEASUREMENT OF VALUES 


The Measurement of Values 

By L L Thurstone Pp. vin+322 
University of Chicago Press, London 
University Press, 1959) 56s 6d net 


ROF THURSTONE, pror to his death ın 
September 1955, was the world's greatest living 

psychometrist Psychologists, ever since leaving the 
philosophical fold, regarded the topic of values as out 
of bounds Most philosophers would probably be 
horrified at the idea of ‘measuring’ values In recent 
years, however, many scientists have realized that the 
concept of values is essential to science and that the 
greatest problem of the modern world 1s how to bridge 
the gap between technical knowledge and skill on 
one hand and knowledge of humanistic values on 
the other Some, however, regard the problem as 
msoluble or meaningless, forgetting that absolute 
laws are found neither ın science nor in humanism 
Durmg the last thirty years of his hfe Thurstone 
developed scientific methods which bid fair to brmg 
social, moral and esthetic values within the realm 
of expermnental psychology He has ignored those 
intermimable logical arguments concerning values 

Human values are essentially subjective It was 
therefore necessary to establish a subjective metric, 
and a subjective unit of measurement which must 
satisfy the logical requirements of measurement as 
distinct from rank order This objective was reached 
by Thurstone by means of his law of comparative 
Judgement which dates from 1927 Weber’s law is 
concerned solely with physical measurements On 
the other hand, Fechner’s law states the logarithmic 
relation between the subjective contmuum and the 
physical stamulus continuum But Thurstone’s law 
of comparative judgement 1s completely independent 
of any physical stimulus magnitudes It involves a 
new concept ın psychophysics, namely, the discrummal 
error 

The book has a preface by his widow, Mrs Thelma 
Gwinn Thurstone, herself a psychologist There 1s a 
selection of twenty-seven papers which have appeared 
im various journals 

Part I of the book 1s an essay on “Psychology as a 
Quantitative Rational Science” where psychological 
concepts and strict mathematical formulation are 
emphasized Part IT deals with ‘‘Subjectrve Measure- 
ment" Part III with “Attitude Measurement" 
Thurstone and his students were pioneers 1n researches 
on attitudes which are well known to psychologists 
everywhere They include such topics as prohibition, 
mihtansm-paerfism, and motion pictures 

In the study of social attrtudes the cognitive and 
the affgctive appraisals may be entirely independent 
For example, & group of people might dislike 
democracy but an examination might show that they 
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did not know what they were talking about It 1s 
here pertinent to mention the views of the late Prof 
Flugel in his classic work on ‘Man, Morals and 
Society” (Chapters 1 and 16, 1948) where the tend- 
ency to change from orectic (moral) judgment to 
cognitive (psychological) judgement 18 one of the 
marks of moral progress It 1s true that the late Prof 
Reichenbach, the logical empiricist, in his “Modern 
Philosophy of Science” (1959) held that only a non- 
cognitive theory of ethics supphes an adequate 
explication of ethical utterances Prof Flugel, how- 
ever, did not hold that orexis 1s supplanted by cogni- 
tion Orexis still m the last resort supphes the goal 
at which we aim, cognition only guides us 
oe the steps we must take to achieve that 
goa. 

It only remams to add that Prof Thurstone’s book 
will long remam essential for all students of values 
Lu WYNN JONES 


CACTI 


Die Cactaceae 

Handbuch der Kakteenkunde Von Curt Backeberg 
Band 1. Emlertung und Beschreibung der Peres- 
kioideae und Opuntioideae Pp xvi+638+35 
tafen 74 DM Band 2 Cereoideae (Hylocereeae— 
Cereeae (Austrocereinae)) Pp. xvu-xxiv 4-639— 
1360+72 tafeln 87 DM (Jena. Gustav Fischer 
Verlag, 1958 and 1959 ) 


HE first two volumes of this new ‘handbook’ to 
the Cactaceae provide a taxonomic treatment of 

the entire subfamilies Perreskio:deae and Opuntioideae 
and reach the end of the ‘subtribe’ Austroceremae 
of the 'semutribe! Austrocereae of the tribe Cereae, 
withm the third and last subfamily Cereoideae In 
the openmg key to the Ingher categories of the 
family the author recognizes a total of 220 genera, as 
contrasted with the 124 genera of Britton and Rose’s 
comprehensive “Cactaceae” (1919-23) and the 41 
genera of Alwm Berger’s handbook to cultivated 
species, “Kakteen” (1929), m which Rhwpsals, Cereus 
and Echinocactus were treated m a broad sense with 
a large number of subgenera 

Botanieal exploration m South America, especially 
in Peru, eastern Bolivia and north-eastern Brazil, 
has yielded many new species to add to Britton and 
Rose’s work, and it 18 good to have a new treatment 
with keys, descriptions and copious illustrations, 
some of them coloured Herr Backeberg has 57 species 
of Tephrocactus, 213 of Opuntia, 60 of Rhipsalis The 
elaborate system of categories m his classification of 
genera will not please everyone we are given, m 
descending order, Unterfamahe, Tribus, Semitribus, 
Subtribus, Suppe, Untersyppe, Gattung, Untergattung, 
Sektion and Untersekton 

The first volume begms with mtroduetory chapters 
on the history of the Cactaceae m art and hterature, 
on their uses by native tribes or 1n medical science, on 
classifieation, and on the maimtenance of hvmg col- 
lections In discussing cultivation, methods of graft- 
mg, etc, the author does not descend to the level of 
the small amateur grower, flat-dweller or floral 
decorator, but keeps strictly to the botanieal and 
horticultural pomt of view This vast work, misnamed 
‘Handbuch’, may well be open, hke all big revisions, 
to much taxonomic criticism and, if only for that 
reason, will be mdispensable to all serious students 
of Cactaceae N Y Sanpwirra 


No 4692 October 3, 1959 
The Threshold of Space 


The Proceedmgs of the Conference on Chemical 
Aeronomy, sponsored by the Geophysics Research 
Directorate, Arr Force Cambridge Research Center, 
Aur Research and Development Command, Cam- 
bridge, Mass, 25-28 June 1956 Edited by M Zel- 
koff Pp x.+342 (London and New York Per- 
gamon Press, 1957) 105s 


MORE specific short title for this volume of 
papers on chemical aeronomy would be helpful 

The particular threshold of space is that of atmos- 
pherie photochemistry and spectroscopy While most 
of the papers are concerned with theoretical and 
laboratory researches, umportant experiments using 
high-altitude rockets, and some descriptions of 
phenomena produced by hypersome flight, are also 
included 

The book as a whole has both the shortcomings 
and the merits perhaps inevitable m a collection of 
individual papers There is a lack of coherence and 
the assumption of an extensive background know- 
ledge by the reader However, the papers themselves, 
mostly by workers leadmg the field, are generally of 
a high standard Those dealing with theoretical and 
laboratory studies of photochemistry and spectro- 
scopy related to the atmosphere of the earth, and 
of Venus, lead to accounts of rocket probing m the 
upper atmosphere Some of these papers relate to 
work such as the mvestigation of far ultra-violet 
radiation m the night sky, and the seeding of the 
upper atmosphere by sodium and nitric oxide which 
may well have heralded the openmg of new branches 
of old disciplines 

There 1s no doubt that both the problems and the 
experimental tools of hypersonic flight research will 
stimulate and facilitate further understandmg of the 
physics and chemistry of the atmosphere The intro- 
duction of these aspects to the Conference proceed- 
ings is welcome Each paper is followed by a short 
verbatim discussion and a useful bibliography 


The Insect Pests of Cotton in Tropical Africa 

By E O Pearson, assisted by R C Maxwell Darling 
Pp x+855+8 plates (London Empire Cotton 
Growmg Corporation and the Commonwealth Insti- 
tute of Entomology, 1958) 40s 


HIS book sets out to provide a vade-mecum 

for the study of the cotton pests of Africa, and 
18 written both for “those concerned with the welfare 
of the cotton crop who are not entomologists” and 
for the field entomologist The maim text occupies 
a hütle more than 300 pages of which the first fifty 
contain a sucemet account of the cotton plant, 
Gossypium, ts African environment, history, distribu- 
tion and pests This section ends with an invaluable 
field key by means of which observed damage to the 
crop can be ascribed to 1ts most likely cause, whether 
it be a fungus, an mvertebrate or even ‘big game’ 
The rest of the book 1s devoted to comprehensive 
and critical accounts of specific pests which are 
grouped primarily by order, then, where convenient, 
by the parts of the host plant which they most 
usually attack This discussion is exhaustive yet 
always terse and gams much from the frequent and 
extended references io features of the environment 
relevant to the entomological data under discussion 
The authors do not hesitate to look outside Africa 
when they feel 15 will throw additional light on their 
subject and occasionally topics are treated almost m 
world-wide review The result is a satisfactory 
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summary of current knowledge as well as a record 
of the authors’ hfe-long personal experience 

The book is well illustrated and indexed and 1s 
gratifymgly free fiom errors It may perhaps be 
worth noting that Empoasca lybica (de Bergevin) 
1s not confined to Africa, as stated, but has been 
found also m Palestme, Arabia and m the Aden Pro- 
tectorate, in the last of which ıt was reported on 
cotton A further natural enemy of Empoasca facials 
Jacobi may also be added to those listed 1n the book, 
since there 18 1n the British Museum (Natural History) 
collection a specimen of this leafhopper, from Serere, 
Uganda, which has been parasitized by a species of 
Dryuud W E Cara 


Parasitic Animals 
By Dr Geoffrey Lapage Pp xxm-+355 Second 
edition (Cambridge W ‘Heffer and Sons, Ltd, 
1958 ) 25s net 

HE publication of the second edition of ‘‘Para- 

sitic Animals” will be welcomed by many people, 
particularly those concerned with the teachmg of 
parasitology Dr Lapage’s treatment of his subject 
makes the book very readable and provides good 
background material for students It us, however, to 
be regretted that the author has not taken this 
opportunity to correct some of the errors of fact and 
to clarify some of the possibly misleading statements 
which appeared in the earher edition I refer, ın 
particular, to the perpetuation of such statements as 
that on p 107 that the male gametes of Plasmodium 
are “each about 15-20 mm long” and that on p 109 
that the gametocytes of the same parasite “pass back 
from the mosquito to man they also enter man 
through the sucking tube and enter ıt passively, 
bemg unable to effect entry by their own efforts" 
On p 91 a shght alteration has been made to the 
original text but the inference to be drawn from the 
passage 18 still the same, that adult Taena solvum 
can normally develop m the mtestine of the pig 
Reference might be made to several other points, 
but no doubt the observant reader will find these 
for himself The only major difference between the 
two editions 1s the melusion m the second of a list 
of literature for further readmg This 1s a useful 
addition, but it 1s disappointing to find that Baer’s 
“Ecology of Animal Parasites”, surely the most 
important book on the subject, has been omitted 

C A WmuraxT 


Fundamentals of Papermaking Fibres 
Transactions of the Symposium held at Cambridge, 
September 1957 Edited by Francis Bolam Pp 
x+487 (Kenley, Surrey Technical Section, British 
Paper and Board Makers’ Association, Inc, 1958) 
75s 

HE sahent features of this Symposium were 

summarized in Nature, 180, 1175 (1957) The 
18 papers presented have now been published in 
book form, complete with illustrations, references 
and reports of the discussions The foreword quotes 
the view of Dr Otto Maas expressed m his concluding 
remarks at the Symposium, namely, that ıt had been 
a landmark in the science of paper makmg and had 
set a new standard for conferences in this field 
It ıs obvious that this book ıs indispensable to those 
directly mterested ın the subject Workers in alhed 
fields, however, will also find m ıt much that is of 
great use and interest The melusion of a subject 
index would have mcreased the value of the book for 
reference purposes JULIUS GRANT 
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MALL workmg conferences between European 
scientists particularly interested m genetics have 

been arranged from time to time, with the aid of 
grants from the Rockefeller Foundation to a small 
committee, composed of Piofs M Westergaard, 
Q Pontecorvo, B Ephruss and D G Caicheside 
The fourth of these was organized by Prof B Ephrusa 
and held at Gif-sur-Yvette during April 3-7, 1958* 
On this occasion, a grant from the National Science 
Foundation made ıt possible to include five American 
geneticists, leaders in the study of cytoplasmic 
inheritance We are grateful mdeed to these Founda- 
tions for the generosity which made possible such a 
successful and stimulatang Conference 

Aspects of cytoplasmic inheritance, especially in 
relation to development and differentiation, have 
been considered at two other recent conferences, one 
at the Royal Society: and the other at Gatlmburg? 
A considerable amount of the material considered at 
the Gif Conference has been covered in these and 
other publications 

There are many examples of heredity which may 
be regarded as cytoplasmic or, more strictly, as 
extrachromosomal in determination, having regard to 
the possibility of there bemg mtranuclear heredity 
which 1s not chromosomal Nevertheless, some 
expressed doubt as to whether any cytoplasmic 
heredity exists However, Dr R Sager, referrmg to 
the use of cytoplasmic male sterility in hybrid seed 
production, asserted that American geneticists had 
made a unique contribution to the solution of this 
problem Not only does cytoplasmic mbheritance 
exist, but also 1b ıs commercially profitable and has 
been patented 

Nevertheless, despite strong circumstantial evid- 
ence, the existence of chemical substances (plasma- 
genes), persisting permanently in normal cytoplasm 
in the same way that genes persist m the nucleus, 
has never been validated Indubitably, there is 
plenty of morphological diversity in the cytoplasm, 
as has been disclosed by electron microscopy Indeed, 
Drs W Bernhard and H K Mitchell were able to 


* The Conference was organized in seven sessions, following a general 
introduction by Prof Hphrussi 

(1) Phenomena of Integration of Particles of Probably Extraneous 
Orgin F Jacob and E Wollman on “Lysogeny and Zygotic Induc- 
tion", Ph L'Heritier on “Carbon Dioxide Sensitivity in Drosophila", 
D Lewis on “Lysis in the Fungus Coprinus lagopus”, G Magni on 
"Sex Ratio ın Drosophila”, A Ohanessian on “Genie Control of the 
Drosophila Virus", T M Sonneborn on “Kappa and Paramecin" 

(2) Normal Cytoplasmie Components endowed with Genetic Con- 
tmuty R Sager on “Extrachromosomal Heredity ım Green Plants” 
W Bernhard on “Fine Structure of Cytoplasm” 

(3) General discussion of preceding subjects H 8 Sharpe on 
“Closed and Open Systems of Extranuclear Inheritance in Aspergulus”, 
H Laven on “Interracial (Geographical) Crosses in Culex pypwns" 

(4) Cytoplasmic and Environmental Effects on Nuclear Information 
D L Nanney on “Mating Typesin Protozoa”, G Rizet and D Marcou 
on “Barrage and Senescence tn Podospora”, G Sermonti on "'Cyto- 
plasmic Inheritance in Penylum", A M Srb on “Effects of Mutant 
and Normal Cytoplasms on Neurospora Phenotypes”, J A Roper on 
“Acriflavine-induced Cytoplasmic Variants of Aspergillus” 

(5) Flux Equilibria J Monod on “Inducible Permeation Factors 
and Cellular Memory in Escherichia col", G H Beale on “Antigenic 
Types in Paramecium” 

(6) Extrachromosomal Factors in the Synthesis of Respiratory 
Enzymes Ephrugsi on “Respiratory Deficiency in Yeast”, 
P Slonimski on “Determination of Specificities of Respiratory En- 
zvmes",H K Mitchell on “Biochemical! and Genetic Aspects of Poky 
Neurospora’, A B Pardee on “Genotypic Change and the Rate of 
Enzyme Induction” 

(7) General discussion 
ference” 

Other Participants were M Westergaard, J Scheucroun, G Ponte- 
corvo, N Plus, D G Catcheside and G Brun 


T M Sonneborn “Summary of the Con- 
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pomt to correlations between altered function and 
altered morphology 

The enteii& and the experimental means foi the 
detection of extrachromosomal heredity received very 
careful consideration Formally, nuclear genes and 
plasmagenes are readily distinguishable, because in 
sexual reproduction nuclear genes follow precise 
segregational patterns based upon chromosomal 
mechanics while cytoplasmic genes do not The 
criteria of cytoplasmic heredity discussed, several or 
most of which have been shown to hold m many 
individual instances, mclude vegetative persistence , 
sudden changes in the trait (including reversibility) , 
absence of segregation at meiosis (therefore cannot 
be mapped on chromosomes) , cytoplasmic spread or 
infection, maternal transmission only or mamly , 
absence of relevant gene differences , diverse charac- 
ters observed with the same nuclear genotype, 
character mducible by environmental agents, and 
selection effective during vegetative reproduction 
Nevertheless, these criteria are not sufficient means 
of recognizing cytoplasmic mheritance, sensu sti ccto, 
since many situations can generate this complex of 
symptoms 

Among the numerous cases of supposed extia- 
chromosomal inheritance there are some for which 
there 1s good evidence for extrachromosomal genetic 
information First among these and the most obvious 
are those in which microscopically visible structures 
in the cytoplasm are associated with the characters 
The chloroplast, together with the proplastid where 
there is a developmental sequence from the latte: to 
the former, belongs here for one mam reason When 
15 18 lost from a cell 1t cannot be reformed by the 
depleted cell It appears to be essential to have one 
in a cell before more can be formed This has been 
shown most elegantly by Deken-Grenson and Messin® 
A Euglena cell, descended from one treated with 
streptomyem to destroy its chloroplasts, can form 
new chloroplasts only 1f 16 still possesses at least one 
of these elements These expermments implicate the 
chloroplasts quite directly as possessing some nforma- 
tion vital to their own reproduction 

There 18 also evidence of mutability on the part of 
the chloroplasts, such as 1s provided by the differences 
shown in Renner’s classical experrments However, 
the question 18 still unsettled as to whether it 1s the 
chloroplast or some other non-chromosomal com- 
ponent which is responsible’ The kmetosomes and 
centrioles may likewise be classed here, though the 
evidence is less decisive The kappa, pi, mu and 
similar particles, rich m deoxyribonucleic acid, found 
m Cihates, as well as other mtracellular symbionts, 
are further examples, though these bodies are not 
normal to all or indeed to very many cells 

Secondly, there is a considerable group of cases 
for which the evidence points to extrachromosomal 
sources of genetic information but for which there 
are no microscopically visible structures m the cyto- 
plasm which show correlated behaviour The determ- 
inant of streptomycin resistance in. Chlamydomonas’ 
1s a clear case The commercially important self 
sterilities in maize appear to belong here, as also do 
the plasmon traits studied particularly by German 
geneticists‘ Srb* has described an interesting case 
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in New ospora which could belong here A character 
SG (manifested as slow initial growth) appeared m 
N crassa followmg acriflavine treatment and was 
inherited maternally By repeated backerossing, 
nucle: of other species could be mtroduced mto SG 
cytoplasm and it was shown that a gene expressed 
as aconidiate in N sutophila was expressed as conidiate 
in SG cytoplasm Formally, one may describe this 
as a cytoplasmic suppressor of a nuclear gene, just 
the converse of the genic suppressor of poky m 
Neu ospora? The impressive feature 1s the prolonged 
propagation of the cytoplasmic factor unchanged, 
whether or not ıt has this particular expression Also 
included here may be the general ‘pattern of organ- 
ization’, by which the mformation given by the 
nucleus to the cytoplasm 1s marshalled The cyto- 
plasmic reproduction of enzyme specificity may be 
an aspect of this 

The petite mutants 1n the yeast? and the poky ones 
in New ospora? surely belong to one of the above two 
groups, indeed to the first 1f mitochondria are 1mph- 
cated It is interesting to note that electron micro- 
scopy of poky Neurospora shows shghtly abnormal 
mitochondria m conidia, and grossly altered mito- 
chondrial material in the hyphe 

Thirdly, the transmission of virus or provirus 1s the 
mechanism m another group 1n which the mberitance 
can be traced to a paiticle by various means The 
situation m lysogenic bacteria forms a model As 
Jacob and Wollman!* have shown, prophage in 
E col is closely integrated with the bacterial chromo- 
some, though it ıs not a part of its lmear structure 
The presence of prophage does not alter the genetic 
distance between markers m its region of mtegration, 
despite that 16 covers a considerable part, about one- 
fiftieth, of the map The phage 1s perhaps synapsed 
with the bacterial chromosome, but 1ts material 1s not 
identical with the genetic material of the bacterium, 
for neither can add to the other There are various 
ways in which a system with or without a virus or 
provirus could exhibit apparent extrachromosomal 
heredity 

The virus and provirus scheme applies very well to 
the case of sensitivity to carbon dioxide in Droso- 
phia? The resistant flies, free of o virus, seem equi- 
valent to non-lysogenic bacteria The non-stabilized 
c condition, which is not transmitted by males, would 
be equivalent to infected bacteria The stabilized 
condition, m which males may transmit o virus 
to offspring to give the unstabilized condition, would 
be equivalent to lysogenic bacteria, with the virus 
integrated, perhaps to a chromosome Fourthly, the 
e condition, m which sensitivity develops with ageing, 
but only in a proportion of the flies, would correspond 
to defective virus The stabilized p condition would 
be equivalent to defectively lysogenic bacteria 

It therefore appears that elements exertmg a 
hereditary mfluence may be present alternatively in 
the nucleus, associated with a particular part of the 
chromosome, or free in the cytoplasm That the 
elements known to behave m this way happen to be 
pathological could simply be a consequence of the 
presence and action of normal ones being undetect- 
able Cellular differentiation and consequent cyto- 
plasmic mheritance in cell lines could be due to 
controlled movement, between nucleus and cyto- 
plasm, of controllmg elements Indeed the liaison 
between nucleus and cytoplasm seems to require a 
system of directors, messengers and executives 

In a further class of cases, the genetic information 
is 1n the nucleus, but the different states of the cyto- 
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plasm act epistatically Here may be placed the 
permease system induced in Escherichia coh by 
thiomethylgalactoside!?, the serotypes and the mating 
types of Paramecwm! The complete range of 
potentiality m the case of the Par amecowm characters 
is determined by the nucleus The individual charac- 
ters, as 1s particularly clear in the case of the serotypes, 
depend for their specificity upon the genes themselves 
Extrachromosomal factors mtervene only in determ- 
mung which of the possibilities 1s expressed in a given 
cell The particular expression m a cell determmes, 
subject to revolutions caused by environmental 
changes, what shall be expressed 1n xts descendants 
This epistasis 1s cytoplasmic m the case of the sero- 
types In the case of the mating types 16 1s primarily 
in the macronucleus, but secondarily there 1s trans- 
mussion through the cytoplasm in Paramecium aui ela 
of group B^ The cytoplasm of a differentiated cell 
directs the differentiation of an undifferentiated 
nucleus put into ıt In Hscherechea, competence to 
respond to the inducer 1s dependent upon the nuclear 
genotype Thus, in both Paramec«um and Escherichia 
the extrachromosomal control overlies the chromo- 
somal Whether ıb has the conditional perm- 
anence of a steady-state system, or some other 
relatively iumpermanent feature of cytoplasmic 
architecture, or the permanence of a plasmagene, 18 
unknown 

Many cases of apparently extrachromosomal mherit- 
ance cannot yet be classified with the least certamty 
with respect to probable mechanism A few appear 
hkely to be nuclear determined and to involve super- 
imposed controls, namely, lysis in. Coprinus lagopus 
(Lewis, D , unpublished work), certam slowly growmg 
mutants in Penwhum (Sermonti, P, unpublished 
work), and the mycehal modifications induced m 
Aspergillus by acriflavme This leaves the barrage 
and senescence phenomena m. Podospora!*, the dual 
phenomenon in Aspergillus glaucus (Sharpe!), the 
racial differences in Culex pipiens! and the sex- 
ratio trait m. various Drosophila species!* Each of 
these pormits of two or more different kimds of 
interpretation 

To some extent, recognition or denial of the exist- 
ence of cytoplasmic inheritance depends upon one's 
definition of heredity Some would restrict the 
property of being hereditary to chemical elements 
which persist permanently in the cytoplasm, m the 
same way that genes persist in the nucleus Alterna- 
tively, ıt may be held that any difference m trait which 
18 propagated under effectively the same set of condi- 
tions through vegetative or sexual reproduction, or 
both, 1s a hereditary difference The transmission of 
the special property of each to its descendants con- 
stitutes heredity This latter view regards the 
phenomena of development and differentiation as 
involving genetic changes, generally extrachromo- 
somal, which are then maintamed by a hereditary 
mechanism 

On this view, the difference’? between two cultures 
of Escherichia cola growmg on 10-5.M thiomethyl 
galactoside, one of which has been primed for a short 
time with 107? M thiomethyl galactoside and the other 
not, 1s a hereditary difference Here the thiomethyl 
galactoside in higher concentration has acted as an 
inducer of a permease, which will then brmg thio- 
methyl galactoside tnto the cell from a weaker solution 
unable itself to initiate the duction Such a steady- 
state system would perpetuate itself under suitable 
conditions, without mvolving the self replication of 
particles However, much turns upon what 1s meant 
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by a particle and by self replication There can be 
little doubt that permease 1s particulate and macro- 
molecular m nature The mamtenance of the steady- 
state system m a growing culture requires a continuous 
supply of mducer (or substrate) m order that more 
permease may be produced Somehow, between them, 
and of course m the environment of the living cell of 
which they are a part, the system of mducer and 
permease holds information needed to make more 
permease, that 1s, to convert or mould some other 
cell product to its own image The production of this 
other cell product 1s under the control of the rest of 
the cell, includmg the genetic information of the 
nucleus Thus underlying the steady-state system 
m this particular case 1s the genetic competence of 
the lineage of cells to 1espond m the particular way to 
the presence of the inducer 

The th:omethy! galactoside permease system has 
another interesting property When the kinetics of 
induction are studied! under conditions of con- 
tinuous culture, the degree of adaptedness in the 
culture rises linearly with tıme (measured as genera- 
tions) uf a low concentration of thiomethyl galactoside, 
just able to cause induction, 1s used In such a culture, 
& proportion of the cells 1s fully induced or adapted, 
the remainder being quite unadapted There are no 
intermediates, or rather the state of mtermediacy 18 
too transient to detect Once some permease has been 
formed in a cell, a full complement of ıt 18 rapidly 
acquired, presumably according to a logistic curve 
Thus the stable states are discontinuous 

Such a steady-state system has some of the attrı- 
butes of genetic material, but may be thought to differ 
from genes and plasmagenes m certain essentials 
Especially 1515 nherited only so long as 1t 18 expressed 
Secondly, if lost ıt can be regenerated by a simple 
manipulation of the environment, provided the 
genetic basis 18 still present ın the nucleus 

The contrary view 1s that heredity 1s dependent 
upon certam homeostatic material and that various 
different expressions of ıt, no matte: how persistent, 
do not differ in a truly hereditary manner Nanney?? 
distinguishes these two aspects as ‘genetic’ and para- 
genetic or ‘epigenetic’ As ıb was believed that para- 
genetic 1s etymologically unsound, ‘epigenetic’ was 
suggested, although this word is used for embryolo- 
gical theory and may be unacceptable for that reason 
Indeed, Lederberg? avoids the difficulty by gomg to 
the extreme and speakmg of nucleic’ and 'epinucleic? 
Nucleic mformation is defined as that depending 
upon the sequence of nucleotides m a nucleic acid, 
while epmucleic information 1s expressed as an aspect 
of nucleic acid configuration other than nucleotide 
sequence or in associated materials, such as poly- 
peptides or polyamines It may also reside in mole- 
cules or reaction cycles not directly connected with 
nucleic acid 

Whether this pai ticular differentiation between the 
two levels of genetic information will stand the test 
of time, 16 1s clear that the distinction is not only 
provocative but also the crystallization of ideas 
towards which many have struggled No other 
biological system, short of the whole organism, 
approaches the properties of nucleic acid in convey- 
ing information, or equally justifies the supposition 
that ıt carries the bulk of germinal genetic mforma- 
tion A minor part of the genetic information, the 
plasmagenes, is presumably extranuclear nucleic 
acid Likewise, the functionally active mbonuclere 
acid 1n the cytoplasm may carry nucleic information 
Equally, 1f nucleic acid conserves genetic information, 
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it 18 difficult to see how cellular differentiation could 
be determined by systematic gene mutation, that 1s 
to say, by systematic alteration of nucleotide 
sequences 

The epmucleic spheres of action may be extra- 
nuclear, lke the steady-state systems, or nuclear, 
and even involve the chromosomes There is now 
strong circumstantial evidence of differentiation 
occurrmg in nuclei, so that the nuclei of different 
tissues come to have different heritable potential- 
ities*t This may be reflected m differences visible 
in polytene chromosomes, as in Chu onomus?*, as well 
as the substitution of histone for protamine m dif- 
ferent nuclei, but the differences could also reside m 
nucleoli The local variations in behaviour of the 
chromosomes may sometimes be seen as intense 
deoxyribonuceleie acid metabolism at certam regions?? 
This kind of intranuclear differentiation appears to 
be the basic step ın the expression of mating types in 
Paiamecvum Such changes could be stochastic, but 
it seems likely they are directed ın some way not, as 
yet, understood The interesting occurrence of 
paramutation™ at the R locus m maize and the 
controlling elements desertbed by MeClintock?5 seem 
to offer models of particular systems, as also does 
lysogeny 

In considering cytoplasmic mheritance sensu st ecto, 
we are therefoie faced with the problem of dis- 
tinguishing hypothetical extranuclear nucleic material 
from extranuclear and intranuclear epmucleie pheno- 
mena It must be conceded that completely sufficient 
criteria for achieving this have not yet been recog- 
nized Jt cannot yet be said whether there are 
macromolecules which persist permanently m the 
cytoplasm in the same sense as genes persist in the 
nucleus Chloroplasts and mitochondria are candidates 
only in the same sense that the nucleus as a whole 18 
nucleic information The critical point would be 
reached if the physical bases of non-chromosoma, 
hereditary systems, possibly nucleic or epinucleicl 
could be identified In any event, whether or not we 
speak of epmucleie phenomena as constituting hered- 
ity, clearly they can determume the mheritance of a 
particular character thiough a considerable hneage 
of cells 

A complete understanding of the function of the 
cytoplasm in heredity 1s likely to involve an under- 
standing of the nature of gene action and replication 
Gene replication 1s generally thought to be by some 
lund of template mechanism, a pre-existing structure 
organizing smaller units to form a replica of itself 
The various modifications of this basic idea need not 
be considered here, all would lead, theoretically, to 
the dupheation of the gene material, most probably 
deoxyribonucleic acid ‘The heterocatalytic property 
of the gene, ın directing functions elsewhere in the 
cell, may well be through the medium of replicas 
of itself, or of translations in a chemically different 
form, perhaps ribonucleic acid or protem or both. 
The precise activity of these will depend upon how 
they are mtegrated with the rest of the cell If, as 
seems probable, they are originally filamentous, hke 
the gene material of the chromosomes, their activity 
will depend upon how and where they are folded 
into the structure of the cell In this respect they are 
likely to be influenced by the existing architecture of 
similar and associated umits, as well as by the pre- 
sence or absence of regulating substances, such as 
mducers or repressors Thus, the organization for 
expression appears likely to involve another sort of 
template or mould mechanism, an architectural plan 
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for usmg the unit bricks produced by the genoes'* 
In more specific terms, Mitchell (unpublished work) 
has suggested that the cytoplasmic information is 
earried by the protems and that these co-operate with 
ribonucleic acids, carrymg the mformation from the 
nucleus, in forming ribonucleoprotem templates which 
direct the formation of enzymes Neither system 
alone possesses all the mformation needed for the 
building and functioning of a cell Both mvolve 
heredity, though probably the cytoplasmic system 
has a lesser degree of permanency 

The expression of the nuclear products has, there- 
fore, been shown quite often to require extragenic 
information Knowledge of the exact nature and 
mode of action of the latter 1s highly important for 
nnderstanding the functioning of the hving cell 
While it 1s possible that extragenie mformation may 
be earned m a variety of ways, 11 may be a more 
economical hypothesis to suppose that ıt lies m one 
type of material capable of interacting directly with 
products from the nucleus In this respect, protem 
architecture ın all its variety seems a more plausible 
candidate than does a system of alternative steady 
states, such that the functional one in the cell sup- 
presses ihe action of all genes havimg alternative 
funetions The latter encounters severe difficulties m 
view of the great variety of specific mhibitions, acting 
in a huge range of combmations, that would be 
required This ıs the major obstacle to interpreting, 
for example, the serotypes of Paramecium aweha as 
mutually suppressive systems of steady states 

D G CarcHEsIpE 
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THERMONUCLEAR RESEARCH IN GREAT BRITAIN 


HE present state of the reseaich programme, 
both theoretical and experimental, on the subject 
of thermonuclear fusion was the main topie at & 
iecent two-day meeting of the Physical Society held 
at the Imperial College of Science and Technology, 
London, durmg September 17-18 The conference 
was attended by representatives from most of the 
major centres in Britain, and formed an interesting 
continuation of the meeting of wider scope at Uppsala 
m August It is an indication of the present high 
level of activity ın this work that, with the exception 
of review papers, little dupheation of material 
occurred 
The maim session was devoted to contributions 
outlming the research programmes at the various 
laboratories, universities and research institutions 
Activity m Great Britam has largely centred 
around the toroidal pinch devices Zeta and Sceptre, 
where the discharge 1s confined by the magnetic 
pressure produced by the toroidal current m the 
discharge ıtself Papers by M G Rushbridge (Atomic 
Energy Research Establishment, Harwell) and A A 
Ware (Associated Electrical Industries, Ltd , Alder- 
maston) showed that steady progress is bemg made 
im understandmg the complexities of this type of 
discharge In Zetia, experuments on the magnetic 
field distributions m the torus have led to a suitable 
choice of dimensionless parameters which can be used 
to characterize the discharge and compare ıt with 


various models In Sceptre, much effort has been put 
into the measuiement of ion- and electron-tempera- 
tures by spectroscopic means, and the electron tem- 
perature at 2-3 x 105 °K has now been checked in 
several ways  Smniar magnetic field distributions to 
Zeta are obtamed, ın which the magnetic field limes 
within the plasma are helices of constant ‘wave- 
length’ around the torus and the mutual phase xela- 
tionship of which ıs the same at all points This has 
led to a tentative explanation of the results ın terms 
of the kmd of helical instabihty found in some 
American expe1iments on large-size linear discharges 
The energy balance in these discharges 1s also being 
examined as part of a search for an explanation of 
the low electron temperature, but the energy losses 
have not yet been completely accounted for 

The work of the group at the Atomic Weapons 
Research Establishment, Aldermaston, described by 
K W Allen, is m an interesting state of develop- 
ment The origmal very fast lmear pmch-work which 
was pioneered at the Establishment is now bemg 
supplemented by an apparatus similar to the American 
Scylla at Los Alamos, which also 16quires a condenser 
bank of very low inductance In these experments 
a cucumferential electric cunent 1s mduced in a 
cylndrical plasma and causes 1apid compression. 
G B F Niblett showed some very clear streak 
photographs of an end-view of this compression m 
which ib is seen to be quite a complex process with 
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marked differences between the phenomena m the 
first and second half-cycles (Fig 1) Tho differences 
are ascribed to the presence of magnetic fields retamed 
withm the plasma Neutrons are emitted, as in 
Scylla, ın the second half-cycle of the discharge and 
the origm of these 1s bemg studied 

A further mterestmg possibility was mentioned 
which, though experimentally difficult, is now bemg 
actively considered This ıs to fire a beam of fast- 
moving neutral atoms into the lund of magnetic 
bottle developed for DOX m America and OGRA 
m the USSR The injection of neutral atoms 
instead of molecular ions should lead to better con- 
finement, smce the former can penetrate without 
deflexion into the centre of the apparatus before bemg 
ionized and trapped The technical difficulties m 
producimg such a beam must be overcome, but this 
can be done as an independent problem 

The work at the Imperial College of Science and 
Technology reported by R Latham is based on the 
simplest form of linear discharge In this the dis- 
advantage of electrodes ıs compensated for by the 
low mductance of the tube, which is essential for 
rapid compression, and by the simplicity of the geo- 
metrical arrangement which allows the discharge to 
be viewed both from the side and the end The first 
constriction, which appears as a very narrow column 
of high-temperature plasma (Fig 2), the subsequent 
growth of instabilities (Fig 3) and the appearance 


Streak photograph of a discharge in deutermmm with current wave-form and neutron output. 
{Atomic Weapons Research Establishment, Aldermaston) 


attack has been made 
over a period of years 
on the thermal pro- 
perties of gases as 
apphed to the forma- 
tion of cores in high- 
current electiic arcs 
The facilties at 
Leatherhead are now 
bemg apphed to a 
study of the high- 
current vacuum arcs 
mm use m the DCX 
machine 

The three subsequent sessions are concerned 
with diagnostic methods, theoretical problems and 
the role and use of shock waves m thermonuclear 
work 

In the fist of these, the emphasis was on time- 
resolved photography and spectioscopy, which are 
necessary for a study of pulsed discharges of short 
duration Singie-shot photography with Kerr cells 
and image converters has been the subject of much 
research, and exposure times of 0 1-0 2 usec are now 
in common use Time-resolved spectra taken at the 
Atomic Weapons Research Establshment by A H 
Gabriel have shown the sequence of growth and 
decay of hnes i) a lmear discharge which is com- 
pleted ın 3-4 usec Such spectra are begmning to 
give evidence on how near these discharges are to 
thermodynamic equilibrium The consequences of 
lack of thermodynamuc equilibrium, its effect on tem- 
perature measurements and recent developments 
m measurement technique in the range 10,000- 
50,000? K were discussed in a review paper by 
H Edels (University of Liverpool) 

Theoretical work on hot plasmas covers a refresh- 
mgly wide range of topics and illustrates the close 
connexion between plasma physics and astrophysics 
It may well turn out that thermonuclear experiment- 
ing will produce ideas on phenomena im the solar 
atmosphere, for example, solar prommences and 
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Fig 2 Side view of linear discharge taken at the time of maximum constriction (Imperial 


College of Science and Technology) 


Fig 3 Side view of Linear discharge showing the unstable plasma boundary (Imperial 


College of Science and Technology) 


flares, and m a wider context on the generation of 
cosmic rays This is not surprismg when 16 1s remem- 
bered that a star is a naturally occurrmg thermo- 
nuclear ieactor, and stellar atmospheres have much 
m common with laboratory discharges Indeed, 
astrophysicists have been studymg thermonuclear 
and magneto-hydrodynamie problems for many 
years, long before these subjects became important 
m the laboratory 

Problems common to astrophysics and discharge 
physics were discussed by Prof V O A Fenaro 
(Queen Mary College, London) m a contribution on 
current-bearmg streams from the Sun, by Prof T G 
Cowling (University of Leeds) on mechanical effects 
of the interaction between a plasma and a magnetic 
field, and by Prof H Bond: (King’s College, London) 
on “Magnetostatics”, with the emphasis on astro- 
physies 

Among the other theoretical papers, one by W B 
Thompson (Atomic Energy Research Establishment, 
Harwell) contamed im outlme a derivation of the 
transport coefficients of 1omzed plasmas which 
avoided the arbitrary mtroduction of the Debye 
length This was replaced by a statistical treatment 
of the potential fluctuations, related to the theory of 
electrical noise It 1s encouraging that the expressions 
previously used are m agreement with those derved 
by the new method A paper by M G 
Hames (Imperial College) considered the 
skin effect and showed how the familiar ~ 
skin current of alternating current theory | 
occurs only on the rising part of the 
wave-fo.m of the current m a transient § 
dischaige As the current decays, the 4 
theory predicts an inverse of the skin 
offect with the current becoming a | 
maximum at the centre of the discharge, -+ 
and even negative at the outer surface 
This could m principle lead to the surface i 
layers bemg violently ejected from the 
discharge R J Tayler (Atome Energy 
Research Establishment, Harwell) has ex- 
tended Ins stability calculations on a 
cylindrical discharge to include tho effect 
of the transport coefficients He has con- 
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Fig 4 Streak photograph showing two colliding shock waves 
move vertically and time mereases from left to right (Atomie Weapons Research 
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sidered a, cylinder of incompressible 
plasma with given combmations of 
the coefficients of electrical conduct- 
iviby and viscosity Diagrams show- 
ing the growth-rate of the m = 0 
(sausage-hke) and m = 1 (hehcal) 
perturbations as a function of their 
wave-length mdicated the pres- 
ence of unstable regions m both 
cases 

The last session was on shock 
waves im gases These have 
ielevance to very hot plasmas 
because of ther use m heating 
the gas on one hand, and because 
of ther appearance as a result of 
rapid magnetic compression on the 
other 

In two papers, K Dolder (Atomic 
Energy Research  Estabhshment) 
and H J Pain (Imperial College) 
reported on the use of shock- 
heated argon to find values of 
the non-dimensional parameter, 
analogous to the Lundquist num- 
ber, which governs the magni- 
tude of the mteraction between a plasma and a 
magnetic field When plasma flows through the 
magnetic field of a short axial eoi and mteraction 
does occur, a characteristic pattern in the down- 
stream gas is observed similar to that obtamed 
with an annular constriction m the shock tube 

Measurements of electrical conductivity ım shock- 
heated argon have been made by A von Engel 
(Oxford) using the potential developed between 
two probes as the plasma moved between them in a 
transvase magnotic field In this case the requne- 
ment of electrical neutiality lowered the conductivity 
to that associated with the ions P Smy (Imperial 
College) reported on electrical conductivity measure- 
ments m which an azimuthal current was mduced 
m the moving plasma as it passed through axial 
magnetic field coils The induced current was 
detected magnetically by a search coll In this 
mstance the eunent flows m a closed loop in the 
plasma and the electaonic conductivity is appro- 
priate In both cases the results were in good agiee- 
ment with the values expected theoretically 

A enitieal account of the use of shock-wave heatmg 
as a first stage ın obtaining a thermonuclear plasma 
was presented by J K Wight (Atomic Weapons 
Research Establishment, Foulness) He considered 
electromagnetically driven shocks and discussed 








In - 1 psec | 
The sheck waves 
Establishment, Foulness) 
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theoretically the limits imposed by residual inductance 
and the 1equirement that the thickness of the shock- 
front be kept small compared with the size of the 
apparatus After bemg heated by the shock wave, 
the plasma was assumed to be subjected to a further 
stage of adiabatic compression Experiments onelectro- 
magnetically driven shocks are continuing, and an 1n- 
teresting streak photograph was shown of two colliding 
shock waves produced by this means (Fig 4) Papers 
were presented by D L Schultz and K C Lapworth 
(National Physical Laboratory, Teddington) dealing 
with microwave reflectivity of shock-heated plasma 
and with temperature determmation by the method 
of hne reversal The reflexion of shock waves fiom 
a region of high magnetic field was examuned theoret- 
ically by E J Morgan (Engineenng Laboratory, 
University of Cambridge) as a basis for future experi 
ments 

It 1s evident from both the Uppsala Conference 
and this meeting that the approach to thermonuclear 
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research has changed since the Geneva Conference a 
year ago The emphasis has moved fiom a few pro- 
jects requuing large-scale equipment to many simplex 
experiments designed to clarify the basic principles 
of plasma physics It ıs obvious now that in such 
matters as stability, plasma oscillations, energy-loss 
and transport processes, there 1s much more to be 
learnt Tho lack of immediate success of the larger 
machines, therefore, though disappomting is by no 
means without 1ts compensations It will result m 
plasma physics bemg put on a firm basis m which 
the fully 1onzed gas will take its place with the 
other states of matter as leadmg to an accepted 
branch of physics This is a task for the futwe, 
and one which ean be shared by many smaller groups 
with modest resources The outcome will undoubtedly 
lead to important developments of wide application 
both in pure science and im technology, with the 
generation of thermonuclear power as the final 
target R LATHAM 
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PUGWASH INTERNATIONAL CONFERENCE OF SCIENTISTS 


STATEMENT ON BIOLOGICAL AND CHEMICAL WARFARE 


HE fifth ın the sexies of Pugwash Conferences of 
scientists, aumed at assessing the dangers to hum- 
anity arismg from developments of modern science and 
technology, met m Pugwash, Nova Scotia, during 
August 24-29, as guests of Mr Cyrus Eaton The 
purpose of the Conference was to assess the poten- 
tialities of chemical and biological agents as weapons, 
and to explore possible means for preventing their 
production or use in war 
The subject of chemical and biological wai fare has 
been shiouded ın official secrecy For years, large 
projects have existed ın several countries with the 
stated purpose of developing means of defence against 
such weapons We have no direct information about 
the results of these projects, but inevitably they 
increase the efficiency and destructiveness of various 
types of biological and chemical weapons, and result 
m the development of new techniques Judging from 
the number of technical workers involved im such 
projects and the money expended, much knowledge 
related to the production and delivery of mucro- 
organisms for war purposes has probably been gained 
Moreover, unsupported statements appear which 
suggest that such weapons have enormous lethal or 
meapacitating effects against man, can destroy plants 
and animals, and have advantages under certam 
conditions of war Recently, a concerted effort 
appears to have been made to suggest that these 
‘weapons are moie ‘humane’ than othe: means of 
warfare 
We have discussed the general nature of such 
weapons as well as the properties of the individual 
agents and them methods of delivery, and have com- 
pared them with other weapons Ow discussions 
suggest that the difficulties of establishing a stable 
and lasting peace ale aggravated by the fact that all 
nations, whether or not they possess nuclear weapons, 
might produce biological and chemical weapons , 
internetional tension would consequently be m- 
creased 


Potentialities of Biological and Chemical Weapons 


Biological weapons—mucrobes, viruses and then 
toxic products—can be delivered and dispeised m 
such a way that fatal or meapacitating diseases might 
be produced over large areas They can be produced 
cheaply on a significant scale, even m a country the 
technological development of which 1s not highly 
advanced Such weapons could be used either alone 
or together with others The attack could be local o1 
massive or could consist of mdividual acts of sabotage 
The agent could be selected to cause a great many 
prumary casualties, or to mitate epidemics 

Infective agents or toxins used as biological weapons 
would presumably have the following characteristics 
(a) lethal or meapacitatmg when applied m small 
amounts, (b) romam potent when stored or dis- 
persed, (c) the diseases they produce should not be 
preventable by simple sanitary precautions, or by 
customary practices of immunization, (d) neither 
the agents themselves nor the diseases they produce 
should be easily identifiable, (e) the diseases they 
produce should not be curable by customary drugs 
or antibiotics Many well-known biological agents 
possess several of, or all, these attributes The smul- 
taneous use of two or moie pathogenie organisms 
might assist the spread of mfection and confuse 
diagnosis 

Highly virulent strains of some pathogenic agents 
ean easily be selected, as can strams of virulent 
bacteria resistant to the usual antibiotics, drugs and 
to some disinfectants Recent advances in microbial 
genetics make rb possthle to produce vaiiants, some 
of which may be even more suitable for biological 
warfare than naturally oceurring strains 

Quantitative information on the mfectivity and 
toxicity for man of biological agents that might be 
used as weapons 1s too meagre for therr effects to be 
compared at all accurately with those of nuclear 
weapons However, a surprise attack on a erty might 
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m time cause numbers of casualties approaching 
those caused by a small atome bomb An attack 
with an infective agent, ongmally meant to be 
localized, might lead to an epidemic because of 
abnormal routes of delivery, the large number of 
pimmaiy casualties, or the disorganization of publie 
health 

The meteorological and othe: conditions required 
for biological or chemical attacks on man are so 
exacting that the mihtary effects will be far from 
certam The necessary conditions for a successful 
attack might prevail only on some days and at 
lamited times of the day, and would be subject to 
the eriors of meteorological forecastmg The dis- 
charged material, instead of moving into and staymg 
in the intended area, might recoil on the aggressor 
Biological weapons would presumably be stabilized 
to withstand exposure to the atmosphere and so 
might remam active for long periods and ultumately 
fall anywhere 

Attacks on economically useful anunals are subject 
to many of the same limitations as attacks on man 
The most hkely use of biological warfare on animals 
would be to disrupt the economy, which could be 
done by mtioducing various infections that spread 
veiy rapidly and some of which are transmussible to 
man 

There are also agents that could be used to destioy 
cops, but then effects are unlikely to be important 
compared with attacks on human beings and anunals 
Chemicals such as plant hormones would produce the 
quickest and perhaps the most serious results, but to 
be effective would have to be applied over gieat 
areas Some infectious diseases of plants could also 
be damaging, ther mtioduction, however, could 
adversely affect the economy of a region for a long 
time, but most of them spread too slowly to mfluence 
the outcome of a wai 

Chemical weapons (‘poison gas’ or other poisonous 
substances) were used m the Fnst World War and 
several subsequent occasions ‘In iecent years, new 
poisonous substances have been produced which are 
many times as active as the earher agents Means 
fo. them bulk production have also been improved, 
as have procedures for their dissemination over areas 
very much larger than those covered during chemical 
attacks m the First World War The production of 
chemical warfare agents could easily be disguised as 
peace-time chemical industry, or such industry could 
be quickly converted to produce them 

The so-called nerve gases, which are chemically 
similar to certam msecticides, are extremely potent 
and cheap, and cannot easily be countered with 
effective defensive measures Masks and appropriate 
clothmg can partially protect agamst them, but ıt 1s 
difficult to apply such protection to large populations , 
and ıt 1s unlikely that nerve gas casualties could be 
tieated with antidotes soon enough after an attack 
to prevent serious consequences New types of 
hallucinating agents or of poisons that give rise to 
transient mental disorganization, without 1ecogniz- 
able pet manent injury, have been advocated as means 
of ‘humanizmg’ war Although they do not kill 
directly, them use could have serious consequences, 
because mdividuals or groups of people exposed to 
them behave unpredictably and often iresponsibly 
The extremely high level of toxicity of new types 
of poisonous materials, as well as the means 
available for them delivery, permit their effects to 
be compared with those of certam types of atomic 
weapons 
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Summazizing the previous paragraphs, biological 
and chemical agents clearly represent considerable 
additions to modern arsenals Yet, we realize that 
nuclear weapons, particularly modern hydrogen 
bombs, have a destiuctive power several orders of 
magnitude greate. than chemical or biological 
weapons As means of immediate and certam 
destruction, these weapons cannot compare with 
hydrogen bombs The dependence of biological 
weapons on uncontiollable factors, such as meteor- 
ological conditions, and the difficulty of confinmg the 
effects to the attacked territory, make them especially 
unpredictable in scope and effect 

World-wide apprehension about biological and 
chemical weapons can be allayed only by measures 
tendmg to assure that they will not be produced or 
used But, however difficult the international control 
of atomic weapons may be, the mternational control 
of biological and chemical weapons by any system of 
inspection seems incomparably more difficult 

The fist reason is that the specific weapons, oi 
combinations of weapons, hkely to be used in a 
particula: mstance cannot be foreseen 

The second ıs that chemical or biological weapons 
ean be selected and prepared in ordinary chemical 
or microbiological laboratories The fact that no 
elaborate or large-scale facilities are needed makes 16 
difficult to identify possible places of preparation for 
biological or chemical warfare Even elaborate 
installations would resemble those normally used m 
the production of vaecines or antibiotics It follows 
that small and large nations, whether mdustrially 
undeveloped or highly mdustrialized, might secretly 
prepaie to use such weapons, and with each added 
nation. possessing such capabilities, the danger of war 
would mount 

A thud reason 1s that means of dispersal of chemical 
and. biological agents of warfare are diverse, including 
aeroplanes, submaimes and mussiles, as well as 
saboteurs Ther delivery, therefore, cannot be 
prevented because ib would require a ban on all 
forms of transport, civil as well as military 

If control by mspection is so extremely difficult, 
what alternative ways are there to decrease the 
danger that chemical and biological weapons will be 
used * It seems clear that international renunciation 
of the use of such weapons, as in the 1925 Geneva 
Protocol, cannot allay apprehension unless all nations, 
small as well as large, ratify such an agreement 
without reservation This is the first necessary 
ste 

Body is clearly essential to preparations for 
biological and chemical warfare On one hand, 1t 
enables any nation planning aggression to depend 
upon the element of surprise, and upon the opponents 
lack of effective counter-measures taken ın advance 
On the other hand, the unknown ıs, of rtself, a potent 
cause of human anxiety, and 1s even more so when 
associated with weapons of any kmd Any actual 
danger there may be will certamly be exaggerated 
wherever mformation about any aspect of the situa- 
tion 1s denied Secrecy on the part of possible 
enemies 18 even more productive of anxiety, sus- 
picon and hostihty, and may precipitate hostile 
reactions Free and frank revelation of all scientific 
and technical developments 1s essential to a degree 
of mutual trust necessary to resolve the acute tensions 
that now plague the world 

The most hopeful approach to international 
1egulation therefore seems to comprise (a) a géheral 
agreement to prohibit the use of such weapons, and 
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(b) the renunciation of official secrecy and security 
controls over microbiological, toxicological, pharma- 
ceutical and chemical—biological research 

In considering how to implement the second of the 
foregoing proposals, we note the already excellent 
effects of the Report of the UN Scientific Committee 
on the Biological Effects of Radiation A comparable 
scientific committee, or a permanent U N Scientific 
Commission on biological and chemical modes of 
warfare, could help to dispel apprehension A sub- 
sidiary function of either group might be to mvestigate 
impartially the claims by plamtiff nations that others 
had openly or surreptitiously used methods of bio- 
logical or chemical warfare against them 

The very existence of such a Commission might m 
time arouse the conscience of the individual scientists 
of all nations, the only ultimate effective safeguard 
against violations 

In agreement with the Thud Pugwash Conference 
ij Vienna, we repeat that, m the end, only the 
absolute prevention of war will preserve human life 
and civilization in the face of chemical and biological 
as well as nuclear weapons No ban of a single type 
of weapon, no agreement that leaves the general 
threat of war in existence, can protect mankind 
sufficiently We therefore must look forward to a 
day when the preservation of peace will transcend 
the ambitions of individual nations 

Trust between nations cannot be established by 
proclamation, but only by experience, particularly 
by experience in co-operative work toward common 
aims There is already an extensive interchange of 
scientific information. and people m the sciences basic 
to the problems discussed in this statement We 
must buld on this The Commission proposed to 
collect and evaluate information bearing on chemical 
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and microbiological warfare should serve not only to 
allay the fears of mankind that new and ever more 
horrible weapons of such types will be invented but 
also to dispel the miasma of secrecy that fosters 
international suspicion and tension, and in its place 
to extend the benevolent application of mucro- 
biological and chemical knowledge for the benefit of 
all men. 
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Dr. B van der Pol 


ArTER a brief illness, Dr Balthasar van der Pol, 
a director of research m radio science, university pro- 
fessor and mternational Civil servant, died at hus 
home in The Netherlands on October 6, at the age 
of seventy 

Dr van der Pol was born on January 27, 1889, at 
Utrecht, The Netherlands, where he was educated and 
obtamed his degree in physics at the University of 
Utrecht m 1916 In that year he went to study 
under Prof J A Flemmg at University College, 
London He proceeded to Cambridge in the followmg 
year, where he worked in the Cavendish Laboratory 
as a foreign research student under Sir J J Thomson 
He was very interested in the Heaviside layer theory 
of the reflexion of radio waves, and carried out 
expermments designed to show that ionized air m an 
electric discharge could act as a radio wave reflector 
He was successful in this work, and on returning to 
Holland in 1919 he was awarded his doctor of science 
degree for a thesis on “High Frequency Measure- 
ments of Glow Discharges’, and became assistant to 
Prof H A Lorentz at Teyler’s Institute, Haarlem 

In 1922, Dr van der Pol was appoimted physicist 
in the research laboratory of the N V Philips works 
at Eindhoven, where he later became director of 
research m radio science He was appointed kmght 
of the Order of Oranje Nassau in 1927, for establishing 


the first radio-telephone communication between the 
Netherlands and the Dutch East Indies Concur- 
rently with his service in the Philips organization, he 
was professor of theoretical electricity in the Tech- 
nical University, Delft (1938-49), and he was 
president of the temporary University founded at 
Eindhoven to replace other Netherlands universities 
m occupied territories, for which service he was 
appointed knight of the Order of the Netherlands 
Lion m 1946 

Van der Pol was interested in a wide range of 
mathematical and physical subjects, and was the 
author of & number of papers published m scientific 
journals, these included two lectures delivered 
before the Wireless, and later Radio, Section of the 
Institution of Electrical Engineers in London on 
“Discontinuous Phenomena in Radio Communication” 
(J Inst Elect Eng, 81, 381, 1937), and “The 
Fundamental Piinciples of Frequency Modulation” 
(J Inst Elect Eng, Part TIT, 93, 153, 1946) He 
also published & book jointly with Dr H Bremmer 
on “Operational Calculus based on the Two-sided 
Laplace Integral” (Camb Univ Press, 1950) He 
was a member of both the American and London 
Mathematical Societies, of the Netherlands Royal 
Society, a founder member of the Netherlands Radio 
Society, fellow, and vice-president for 1934, of the 
Institute of Radio Engineers (N Y ), and an honorary 
life-member of the Institute of Radio Engineers 
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(Australia) He was awarded the Medal of Honour 
of the Institute of Radio Engmeers (N Y ) m 1935 
for contributions to eneuib theory , and in 1953 the 
Danish Academy of Technical Sciences presented 
hım with the Valdemar Poulsen Gold Medal for out- 
standing contributions m the field of radio research 
and for international scientific co-operation m 
matters related to radio communication 

Dr van der Pol became greatly mterested in the 
scientific and technical aspects of mternational radio 
affairs and, from 1927, he was a well-known par- 
tacipant in a laige number of conferences m all 
parts of the world He was vice-president of 
the International Scientific Radio Union during 
1934-50, and was elected an honorary president in 
1952 

He was appomted tho first duector of the Interna- 
tional Radio Consultative Committee m 1949, and 
held this position until his retirement m 1956 As 
the pexmanent executive officer of the Committee, 
he was the technical adviser to the International 
Telecommunications Union on the planning and 
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development of radio communications durmg the 
post-war years Until a few weeks ago, he was 
attending the present conference of this Union m 
Geneva, representing other international scientific 
bodies on the allocation of frequencies for radio 
astronomy and space iosearch In later years his 
interest in mathematics developed towards the 
Heaviside calculus, to the extension of which he 
made notable additions, he was also interested m 
the theory of numbers Since his retirement in 1956, 
he had been an active lecturer in these subjects, 
particularly in the United States 

Dr van dei Pol was very well liked and respected 
by the vast number of friends with whom he came 
in contact throughout the world His qualities as a 
scientist and his administrative abilities as an mter- 
national Civil servant always received the highest 
recognition He never spared himself m his devotion 
to the pursuit of knowledge and human under- 
standing on a wide mternational basis He was 
happily married and leaves a widow, a son and two 
daughters ` R L Swrrg-RosE 
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Nobel Prize for Medicine for 1959 Prof, S Ochoa 


THE Nobel Prize for Medicine for 1959 has been 
divided between Prof S Ochoa and Prof A Korn- 
berg Dr S Ochoa has long been regarded as one of the 
principal exponents of the highly successful enzymo- 
logical approach to the study of mtermediary meta- 
bolism His recent contributions to the mechanism 
of the biosynthesis of nucleic acids have been preceded 
by a succession of outstanding biochemical discoveries 
primeipally concerned with the metabolism of carb- 
oxyhe acids and with associated phosphorylation 
reactions One of the most notable of these dis- 
coveries was made in 1939 while he was a research 
worker at Oxford He found that large quantities of 
inorganie phosphate are esterified when pyruvic acid 
is oxidized by dispersions of bram tissue This 
‘oxidative’ phosphorylation 1s recognized as part of 
the fundamental mechanism whereby energy 1s made 
available from biological oxidations With his 
students and colleagues at New York University, he 
has smce discovered a number of important enzymes 
which are mvolved in the tricarboxyhe acid cycle 
and the oxidation of fatty acids 

Dr Ochoa’s work on nucleic acids originated from 
expeimmenis on phosphorylation reactions 1n enzyme 
preparations from Azotobacter In 1955, together with 
Dr M Grunberg-Manago, he reported the discovery 
of an enzyme which is able to catalyse the removal 
of the terminal phosphate group from ribonucleoside 
diphosphates accompanied by the polymerization of 
the resulting nucleoside monophosphate residues In 
this way, a mixture of the four appropriate nucleoside 
diphosphates can be converted into a polynucleotide 
which closely resembles naturally oceurrmg ribo- 
nucleic acid, although ıt ıs not yet understood how 
the arrangement of the nucleotides ın the polymer 
1s controlled The discovery is notable because of the 
structural complexity of mbonucleic acid and because 
of the essential functions of this material m the 
synthesis of protems 


Prof. A. Kornberg 


Brrore makmg their discoveries m the biosyn- 
thesis of nucleic acids, Dr. Kornberg and his colleagues 
were responsible for many important advances m 
several areas of imtermediary metabolism, mcluding 
the biosynthesis of nucleotides and nucleotide 
coenzymes In 1956, Drs Kornberg, Lehman, Bess- 
man and Simms described experiments indicating 
that deoxyribonucleic acid could be synthesized by 
an enzyme system prepared from Escherichia col 
Further study with a purified preparation of the 
enzyme has shown that the nucleic acid is made 
from the triphosphates of the four kmds of deoxy- 
ribonucleosides and requires the presence of some 
pre-formed deoxyribonucleic acid The detailed 
results substantiate the elegant hypothesis proposed 
by Drs Watson and Crick m 1953 Thus, ıt seems 
that the double strand of the primer deoxyribonucleic 
acid becomes separated into 15s complementary single 
chams which then act as templates for the assembly 
of new polynucleotides and finally become two mole- 
cules having the detailed structure of the origmal 
double-stranded one Within the past year, Dr 
Kornberg and his very active group of research 
workers have reported an outstandmg series of 
experiments on the synthesis of deoxyribonucleic acid 
in # cols mfected with certam bacterial viruses 
Ther experments show that the viruses induce the 
infected bacteria to develop a number of enzymes 
which, between them, cause rapid multiplication of 
the deoxyribonucleic acid of the virus while pre- 
venting the formation of bacterial deoxyribonucleic 
acid The great mterest of these excitmg develop- 
ments 1s that deoxyribonucleic acid 1s a characteristic 
component of chromosomes and is considered to act 
as the principal carrier of genetic information ; the 
sequences of the four kinds of nucleotides in the long 
polynucleotide chams are thought to determme the 
structure of the protems and hence to control the 
hereditary properties of living cells. 
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Applied Physics at Durham. Dr. D A. Wright 


Ir was decided recently to set up a Department of 
Applied Physics in the Faculty of Apphed Science 
within the Durham Division of the University of 
Durham Thus 1s the first ‘apphed’ department m the 
Durham Division and is intended to give Durham 
students closer contacts with industry and io con- 
tribute to the trammg of apphed scientists The 
first professor of apphed physics, Dr D A Wight, 
will take up his appomtment on April 1, 1960 Dı 
Wright graduated with a first-class honours degree in 
physics at the University of Bumingham in 1932 and 
later carried out research at Birmmgham for which 
he was awarded the MSc In 1955 he was awaided 
the degree of D Se of the same University Since 
1934 Dr Wright has been a member of the scientific 
staff of the research laboratories of the General 
Electric Company, Wembley, and 1s now head of the 
Combined Electron Physics and Sohd State Physics 
Laboratory His research groups have published 
work of high quahty m the fields of thermionics 
and semi-eonductors Dr Wiight’s recent work has 
been concerned with thermo-electricity, a subject 
which may well have considerablé industrial and 
commercial applications Di Wright has taken an 
active mterest in the Physical Society and the 
Institute of Physics He is treasurer of the Physical 
Society and represents 1t on the Parhamentary and 
Scientific Committee 


New Geophysical Observatory in Belgium 


Tum magnetic observatories founded in the nme- 
teenth century near large cities are steadily having 
to be transferred to areas remote from electric trans- 
port This happened many years ago for Kew and 
Greenwich Now the Royal Belgian Meteorological 
Institute has had to transfer its magnetic observatory 
from Ucele, near Brussels, to Dourbes m south-east 
Belgium The new observatory had to be sited at 
least 15 km from present or potential electiie trans- 
port, & requirement more difficult of fulfilment in 
Belgium than im the British Isles The opportunity 
has been taken to build a truly magnificent compre- 
hensive geophysical observatory, equipped for record- 
ing the terrestrial magnetic elements, earth currents, 
atmospheric electricity, radio atmospherics, radio- 
activity in the air, seismic waves, and ionospheric 
variations The observatory is lavishly described 
with detailed descriptions of buildings and mstru- 
ments, photographs (many im colours) and archi- 
tectural plans ın a recent publication of the Institute 
(Institut Royal Meteorologique de Belgique Pub- 
heations Sene A, No 7 Réalisation du Centre de 
Physique du Globe à Dourbes Par Prof E Lahaye 
Pp 104 Bruxelles Institut Royale Meteorologique 
de Belge, 1958) This publication will be studied with 
great interest, and some envy, by those responsible 
for geophysical observatories in other countries The 
detailed bulding plans which ıb contains will be 
invaluable in designing other new observatories oi m 
re-designing existing ones 


Atmospheric Sciences Advisory Panel 


Tue US National Science Foundation has an- 
nounced. the names of six scientists who will form 
the Foundation’s Advisory Panel on Atmosphere 
Sciences The purpose of the Panel 1s to provide 
advice to the Atmospheric Sciences Programme on 
the deyelopment of a programme of basic research and 
supportmg facilities, mcludmg such fields of science 


NATURE 


October 3, 1959 


as physics, engmeermg, oceanography, meteorology 
and mathematics The Panel will consist of Dr 
Thomas F Malone, dnector of research, Traveleis 
Insurance Co, Hartford, Connecticut, Dr Walter 
H Munk, professor of geophysics, University of 
Califorma at La Jolla, La Jolla, Califorma, Dr 
Walter O11 Roberts, director of the High Altitude 
Observatory, University of Colorado, Boulder, 
Colorado , Dr Verner E Suomi, professor of meteor- 
ology, University of Wisconsin, Madison, Wisconsm , 
Dr Arthur H Waynick, dnector of the Ionosphere 
Research Laboratory, Pennsylvania State University, 
University Park, Philadelphia, and D E J 
Workman, president, New Mexico Institute of 
Miming and Technology, Socorro, New Mexico 


VoL 184 


US Expenditure on Research and Development 
for 1957 


A PRELIMINARY 1eport on a survey conducted by 
the Bureau of the Census fo: the National Science 
Foundation indicates that funds for research and 
development im private industry ın the United States 
in 1957 totalled 7,200 millon dollars, compared with 
6,000 millon dollars m 1956 (Reviews of Data on 
Research Development No 14 August 1959 Funds for 
Research and Development Performance m. American 
Industry, 1957 Pp 6 Washmgton, DC Govern- 
ment Printing Office) The aircraft and electrical 
equipment industries accounted for more than half 
(2,544 rhon dollars and 1,170 milhon dollars, 
respectively), representing increases of 21 per cont 
and 24 pei cent on 1956 figures Motor vehicles and 
other transport, and the machinery industries, were 
next with 708 millon dollars and 688 million dollaas, 
followed by mdustrial chemicals (384 million dollars), 
petroleum refining and extraction (230 million dollars) 
and communications (206 milhon dollars), the per- 
centage mereases over 1956 bemg 6, 22, 14, 23 and 
16 Scientific and mechanical measuring mstruments 
mereased by 30 per cent, to 126 milhon dollars Of 
the total of 7,200 million dollars, 3,700 million dollars 
came from Federal funds, which represented 85 per 
cent of the total in the aircraft industry and 61 per 
cent m the electrical mdustry Expenditure on basic 
research totalled 241 millon dollars, and of this 
52 mulhon dollars were expended by the aircraft 
industry, 38 mullion dollars by the electrical equip- 
ment industiy, 30 mulhon dollars by the petroleum 
iefinng and extraction industry, and 29 milhon 
dollars by the chemical mdustry The physical and 
mathematical sciences claimed 54 per cent of the 
expenditure on basic research, engmeermg sciences 
36 per cent and the biological sciences about 10 per 
cent 


The Acute Radiation Syndrome 


AcorpENTS which result m exposure of man to 
doses of 1omzing radiation m the lethal range are 
sufficiently rare to be extremely important A report 
by the United States Atomic Energy Commission 
(Report ORINS-25 The Acute Radiation Syndrome 
—a Medical Report on the Y-12 Accident, June 16, 
1958 Compiled by Marshall Brucer Pp vi4-188 
Washington, DC Office of Technical Services, 
Department of Commerce, 1959 1 dollar), which 
follows closely to a similar one from France (Jammet, 
H, et al, “Etudo de six cas d’rrradiation totale aigue 
accidentelle”, Rev franc d'et Chn et Biol, 4, 210, 
1959), therefore merits study by physicians, radio- 
biologists, health physicists, administrators and the 
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daily Press It 1s an account of the men who were 
subjected to muxed neutrons and y-rays from an 
unanticipated eritical assembly of enriched uranium, 
five to doses of some 200-400 rads, three to some 
30-60 1ads The elmical features and progress are 
compared with hematological findings and the dosi- 
metric estimations and calculations of the health 
physicists Twelve sections are contributed either 
by the various physicians and scientists responsible 
for the routine handlmg of the cases o1 by special 
research workers A final section is a complete 
appreciation by Dr Marshall Brucer, chairman of the 
Medical Division, Oak Ridge Institute of Nuclear 
Studies Dr Biucer makes the point that mutually 
the physician is on his own The health physicist can 
at first classify those at risk only mto three groups 
according to dose low (less than 250 rads), high 
(greater than 1,000 rads) and intermediate The first 
need no specific medical tieatment, the second 
humanitarian care, but the third present problems 
requiring judgment The symptoms (especially 
vomiting and fatigue) can help the physician initially 
to identify the three classes The lymphocyte-count 
in peripheral blood is the next guide Later, par- 
ticular ammo-acidurias will be unportant, and later 
still the platelet-count of the blood Meanwhile, the 
health physicist can have reconstructed the incident, 
assayed the body fluds for mduced radioactivity 
and made a more refined assessment of the doses 
iecerved “A conservative rule to follow durmg the 
first few weeks 1s that there should be a plam and 
unmistakable indication for anything that ıs injected 
mto the body Probably the most important feature 
in treating psychological upsets is to see to ıb that 
the hospital ıs not turned mto a zoo ” 


Health and Industry 


THE annual report of the Chief Inspector of Fac- 
tories on Industrial Health for 1958 ıs notable for 
two special chapters, one of which deals with occupa- 
tional cancer, while the other describes a study of 
medical supervision m 210 factories (Mimstry of 
Labour and National Service Pp 1v+61 Cmnd 
811 London HM Stationery Office, 1959 3s 6d 
net) The report also particularly mvites members 
of the medical profession generally who could add to 
available knowledge of health hazards to repoit to 
the Medical Branch of the Inspectorate cases of 
interest coming to their notice in which occupational 
factors might be mvolved Such information could 
assist the discovery of new industrial hazards and 
lead to a fuller assessment of the extent and dis- 
tribution of recognized industrial diseases The 
Industrial Health Advisory Committee, besides con- 
sidermg the report of a survey by the factory 
inspectoiate on cardrooms in the cotton industry, 
designed to ascertam progiess made in meeting 
exhaust ventilation requirements, appomted a sub- 
committee to collect and assess information as to 
the need for more chemical, physical and biological 
testing in factories with a view of reducing the risks 
of mjuy to health Although the Work in Com- 
pressed Ar Special Regulations, 1958, have not been 
in foiee sufficiently long to assess their effect on the 
meidence of compressed am illness, progress 18 
apparently bemg made and often a high standard of 
welfare achieved beyond the mmimum standards 
laid down Attention is directed to the need for a 
careful watch for any health hazard from dust from 
the new ‘chromizmg’ process of formmg a surface 
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layer of chromium over steel articles, and of amung 
at complete suppression of dust or fume in the 
fabrication of alloys by addition of 2 per cent of 
berylhum to copper The chapter on occupational 
cancer gives a concise summary of existing know- 
ledge that medical supervision m factories in- 
dicates that medical examunation of work-people is 
usually iegarded as the most important function of 
a works doctor, advice about factory conditions 
appear to come next. and then emergency and 
accident treatment and treatment for minor sickness 


Study of Corrosion 


Taw fifth 1eport of the Corrosion Committee of the 
Iron and Steel Institute appeared more than twenty 
years ago Although no further report was published, 
the work has been carued on continuously, and the 
present sixth report which 1s now available deals with 
this (Iron and Steel Instrtute Sixth Report of the 
Corrosion Committee Compiled by Dr J C Hudson. 
Pp x+217 Special Report No 66 London Iron 
and Steel Institute, 1959 63s) The Committee of 
the Iron and Steel Institute ceased to function as 
such m. 1946 when its work was taken over by the 
British Iron and Steel Research Association, and the 
work now published was therefore carried out under 
the auspices of both organizations This report con- 
sists of an extensive mtroduction in which the work 
of the Commuttee since 1938 is discussed as a whole 
This is followed by two sections dealmg at length 
with unreported work on atmospheric corrosion m 
an, soil and water The final results are given of an 
extensive series of field tests on a wide variety of 
stiuctural irons and steels carried out all over the 
world, and in some cases with an exposure time of 
up to fifteen years Section 3 of the report deals with 
the protection of steel against highly corrosive, humid 
atmospheres at temperatures up to 300° C, while 
Section 4 1s devoted to marme corosion and includes 
the results of several service tuials of pamtmg pro- 
cedures and anti-corrosive compositions for ships’ 
hulls "There can be no doubt that the work pub- 
lished is of first-rate importance to all concerned with 
the preservation of structures, land and marme, 
agamst rust, and it ıs doubtful whether the hon and 
Steel Institute has ever published a report of more 
fai-reaching significance 


Building Research in Britain 


Tas annual report of the Building Research Board 
of the Department of Scientific and Industral 
Research will be of mterest to all who plan, design 
or construct buildings (The Report of the Buldmg 
Research Board with the Report of the Director of 
Buldmg Research Pp iv+72+12 plates London 
HM Stationery Office, 1959 ðs 6d net) The 
summary of research work m hand, or recently com- 
pleted, includes topics as diveise as the development 
of large perforated bricks, design of radiation, shields, 
earth pressures on tunnels, supplementary artificial 
hghtmg, remforced hght-weight concrete, and rubber 
concreting skips "The need fo. duiabihty m buildings 
causes some investigations to extend over many 
years, and summaries of results obtamed so far are a 
useful feature of the report The building mdustry 
is often accused of bemg the least efficient branch of 
engineering, and the slowest to apply the results of 
research, although the Budding Research Station 
devotes much effort to malang its discoveries Known. 
In order to mmprove the methods employed, a survey 
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has been started of what mformation reaches con- 
tracting firms, and what 1s done with it at various 
levels This mvestigation might well be extended 
to melude architects, engmeers and other research 
organizations The mquiries and special mvesti- 
gations undertaken during the year reflect trends in 
the industry Curtain walling systems were prom- 
ment, and mterest 1s imcreasmg in heating, heat and 
sound insulation, acoustics and lighting The appen- 
dixes include lists of buildmg research publications 
and of films on loan 


Radio Research 

In the years mmmediately prior to tho International 
Geophysical Year, routine vertical incidence radio 
soundings of the 10nosphere were carried out at about 
seventy stations, and during the International Geo- 
physical Year both the number of soundmg stations 
and the scope of the observing programmes were 
greatly moreased The experimental data, which such 
soundings provide, take the form of curves of equiv- 
alent height of reflexion (h’) agamst frequency (f), 
so-called ‘ionograms’ It has always been recognized 
that the equivalent height of reflexion of the radio 
waves 18 often quite different from the actual height 
of reflexion and, mdeed, m the early years of radio 
sounding xb was shown that, m general, the experi- 
mental h’(f) curve could not yield unambiguously the 
true height/electron density profile Furthermore, 
the calculation of true height is itself a matter of 
some complexity, especially when proper allowance 
is made foi the mfluence of the magnetic field of the 
Earth Hence : is, until recent years, that iono- 
spheric workers have based thew studies on para- 
meters such as the critical frequency, the equivalent 
height and the ‘M’ factor—quantrties which could be 
immediately read from the ionograms However, the 
advent of the electrome digital computer has made 
possible the large-scale conversion of h’(f) curves mto 
N(h) profiles, and as part of the world-wide Inter- 
national Geophysical Year programme a number of 
organizations formulated programmes for the determ- 
mation of N(h) profiles for 1epresentatrve stations 
and for selected observational periods The Radio 
Research Special Report No 28 prepared by Dr 
J O Thomas and Mr M D Vickers describes m 
detail the electronic computer programme and 
method adopted as part of the British International 
Geophysical Year ionospheric programme (Depart- 
ment of Scientific and Industrial Research ‘ The 
Conversion of Ionospherie Virtual Height—Frequency 
Curves to Electron Density—Height Profiles Pp 
v+48 London HM Stationery Office, 1959 
3s 6d net) A useful manual method for makmg 
these calculations ıs described in an appendix to the 
report and an excellent classified hst of papers on 
this subject 1s also 1neluded 


Natural History in the Midlands 


IN connexion with the centenary celebrations of 
the Birmmgham Natural History and Philosophical 
Society m 1958, Mr K L Kenrick has written an 
interesting and very readable account of the records 
of the Society and the story they tell (Pp 52 Burm- 
ingham Natural History and Philosophical Society, 
1959) The longest of these deals with the srxteen 
volumes of the Midland Naturalist, 1878-93, mcluding 
brief biographical notes on leading members of the 
Society, as does the section dealing with the activities 
of the Society between the two World Wars After the 
destruction of the Society’s rooms at Avebury House 


NATURE 


October 3, 1959 


on October 25, 1940, activities were suspended until 
the end of hostilities, but the Society m 1954-55 was 
once more mstalled m the Birmingham and Midland 
Institute, rts orgmal home, where the Society’s 
library, 1ts Wynn entomological collection, the J W 
Moore collection of Biztish butterflies and moths, a 
purchased entomological collection and the Archer— 
Overton collection of land, freshwater and marme 
shells are housed 
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Equus przewalskii 


TEREE short articles by A G Bannikov, E. Dagva 
and D Tzevegmid (Priroda, 5, 50, 1959) deal with 
the Mongolan wild horse (Equus przewalskw) m rts 
native habitat and im. captivity Its present habita- 
tion area is roughly delimited by 44° N to 46° N 
and 90° E to 95° E, a small area situated on the 
border between Mongolia and Sinluang Recently a 
herd of wild horses has been observed along the 
Takhin Shara-Nuru range, but m. the opmion of 
observers, both the area and the number of individuals 
are rapidly bemg reduced Drastic legislation is 
suggested to combat the illicit huntmg of these rare 
animals The effects of acclimatization of the 
Mongohan wild horse and the hybrids are discussed 
m another article by I S Sles (Preoda, 5, 53, 
1959) 


Spilogale Revised 


Vou 117, article 5, of the Bulletin of the American 
Museum of Natural History (pp 229-392 New 
York, 1959 2 dollars) is a taxonomic revision of the 
spotted skunks of the genus Spilogale by R G Van 
Gelder, assistant curator in the Department of 
Mammals The spotted skunks are distributed over 
the greater part of the United States and Central 
America, they are black animals with a complex 
pattern of white markmgs which, although almost 
infinite m their va1iations, appear to be modifications 
of a smgle basic pattern of stripes The older 
taxonomists regarded most of the variations as 
distinet species so that by 1906 Howell hsted fourteen 
species and six subspecies As & result of the present 
author’s study of a long series of specimens (nearly 
two thousand), and particularly of local populations, 
this list 1s now mercifully reduced to two species, one 
S putorws polytypic with fifteen subspecies, the 
other, S pygmaea, monotypic The characters and 
measurements of the different subspecies are dis- 
cussed 1n detail and illustrated with excellent figures 
of colour pattern and skull form The paper con- 
cludes with a discussion of the evolutionary trends 
of the genus 1n size, colour pattern and skull charac- 
ters, and a consideration of the chnes that occur m 
the populations of many areas There is a full 
bibliography 


Female-sterile Flowers in Fuchsia 


Tue production of female-sterile flowers by herma- 
phrodite plants of Fuchsa procumbens has been 
described and discussed by M Holdsworth (Trans 
Roy Soc New Zealand, 86, 105 (1959)) Fuchsia 
procumbens flowers annually in late summer The 
brief flowermg season begins and ends with the 
production of a proportion of imperfect flowers— 
some fall without openmg, others open normally 
but have defective styles and stigmas Contmuous 
long-day treatment extends the flowermg season and 
increases the number of flowers produced throughout, 
but this is supposed not to be directly a day-length 
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effect on flower mitiation but on vegetative growth 
Neither bud abseission nor female sterility could be 
shown to be simple day-length effects, but both 
appear to be induced primarily by low temperatures, 
m conjunction, perhaps, with long days in the case 
of abscission, and short days m the case of style 
abortion 


Reorganization of Root Apices after Irradiation 


UNDER this title F A L Clowes has described 
experiments in which roots were irradiated with 
X-rays and then fed with adenme-8-“C at various 
mtervals afterwards to observe the effect of the 
radiation on the sites of deoxyribonucleic acid syn- 
thesis and hence on the behaviour of the meristem 
(Annals of Botany, N 8, 23, 205 (1959)) Dividing 
meristem cells may be so badly damaged that they 
stop synthesizmg deoxyribonucleic acid and dividing , 
and when this occurs root growth may continue 
by the formation of a new meristem The latter 
often originates m the quiescent centre, the cells of 
which do not normally synthesize deoxyribonucleic 
acid or divide These apparently constitute a reser- 
voir of cells which are less vulnerable because of 
them quiescence, but are able to restart deoxy- 
ribonucleic acid synthesis and division when the 
normally meristematic cells cease to do so Because 
of this re-organization of the apex, Clowes considers 
that 1t 1s not legitimate to argue about the behaviour 
of normal root meristems from chimeras induced by 
irradiation 


Paizotemperatures and the Origin of the Deep Sea 

Fauna 

A ORITICAL review of the methods of determmation 
of the temperatures of ancient seas by the measure- 
ment of the oxygen isotopes ratio in fossil calcareous 
organisms is given by Y A  Birstem (Priroda, 5, 
21; 1959) It 1s based partly on the work published 
in the Soviet Union and it leads to certam new ideas 
regarding the origin of the deep sea fauna Thus 
the author of this review is casting doubt upon the 
conclusions of © Emuliami and © Edwards (Nature, 
171, 887, 1953), regarding the sharp changes of 
sea temperatures durmg the late Tertiary era, and 
also about those of A Fr Bruun (Nature, 177, 1105, 
1956) regarding the extinction of the deep sea fauna 
According to the author all the deep oceanic regions 
must be considered to be regions of a relatively con- 
stant temperature, affording a place of refuge to many 
animal species which have eventually died out in the 
waters of a lesser depth 


Liquation Differentiation in Magma 

A NEW contribution to one of the most controversial 
problems m peti ology—liquation differentiation—was 
made by V I Lebedmsky (Priroda, 12, 99, 1958), 
whose original paper, whieh he wrote in collaboration 
with Mo Ke-Min, was published separately (Bull 
Acad Sa USSR, Ser Géol, 12, 64, 1958) In 
these two papers the authors describe certain peculiar 
hparite lavas from the Kalgan region of Northern 
China The lavas m question contam spherulites 
and spherulitic aggregates, made of a fibrous mineral 
The chemical analysis of the spherulites differs from 
that of the ground-mass m which they are mmersed 
by a greater amount of silica, soda and potash, and a 
lower amount of magnesia, hme and water The 
author suggests that this rock 1s a solidified emulsion 
formed by the separation of the original magma into 
two immiscible hquid fractions 
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A number of petrologists deny the possibility of 
hquation m natural magmas, although there are a 
number of experimental results published proving 
that ın certam cases such a phenomenon does occur 
Such are, for example, the papers by D P Grigorev 
(1935), D P Grigoriev and E V Iskyul (1937), J W 
Greig (1927, 1928), O F Tuttle and I I Fredman 
(1948) and E Roedder (1951) On the other hand, 
there are also numerous works dealing with spheru- 
litte rocks and spherulites as developed ın commercial 
glasses Beginnmg with the classical studies by 
A Lagorio (1887), many petrologists were attracted 
by ths subject A number of them, hke F Y 
Loewinson-Lessmg (1884, 1905, 1935) and T L 
Tanton (1925), tried to prove that certam spherulitic 
rocks were indeed products of magmatic hquation 
On the other hand, there were many petrologists, 
such as, for example, D S Belyankin (1933, 1949), 
who has studied both spheruhtie rocks and spheru- 
litie commercial glasses, who do not believe m 
magmatic liquation, and would attribute the spheru- 
litic structure to devitrification in the solid state 


Medicina Experimentalis 


ALTHOUGH some think there are already too many 
scientific journals—and people '—-m the world, the 
birth of a new one is always an mteresting event 
Medacna Expervmentales is the name which has been 
given to the latest anival, to be published by 8 
Karger, and to be devoted to experrmental medicine 
m its widest sense (Medicina Experimentals, 1, 
No 1, 1959  Inteinational Journal of Expermental 
Medicme Pp u+68 Six numbers per volume (two 
volumes annually) Subscription pice per volume 
56 Swiss francs Basel and New York S Kargar, 
1959) The foreword deplores the tendency of 
research workers “to shut themselves up hermetically 
m thew ever narrowing specialist circles” and states 
that the am of the sponsors 1s to provide a com- 
pletely international journal which will cover the 
wide—and ever widenmg—fields of experimental 
physiology, pathology and therapeutics and help to 
bridge the gap between then multiplying specialzties 
Papers will be published m Enghsh, French and 
German and are to be limited to an overall length 
represented by 10,000 words Authors willrarely be 
allowed to exceed thus and will be charged for the 
excess In return for this restriction on the verbosity 
of their clients, the editors promise to publish the 
papers submitted withm three months In these days 
of specialization and editorial congestion, these aims 
are laudable but may be rather difficult to achieve, 
and the small international conferences which have 
become so popular may be a better way of dealmg 
with the frustrations of slow publication in parts of 
the world where they can be conducted successfully 
in a single language The first number contams eight 
papers m German and one each m French and 
English As the foreword says, the new journal will be 
what readers and authors make it We wish 11 well 


Improved Gunmetals 

Tue Mond Nickel Co, Ltd, has announced 
the production of a new alloy for gunmetal: 
85/6 5/3/3 5/2, copper tm zmc lead nickel It 1s 
clarmed that ıt has better mechanical properties at 
both atmospheric and elevated temperatures than 
85/5/5/5 gunmetal and still retains the same adapt- 
ability to the production of pressure-tight castings 
When pioperly made, castings m this alloy have a 
0 1 per cent proof stress of ound 8 tons/sq in with 
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a maximum stress of 16-17 tons/sq m m sections 
up to 3 ın thick The use of the new alloy will 
enable castings to be more effectively designed, as 
regards the use of thmner sections, and this could 
result ın a saving of weight and, therefore, cost 


New Multi-range Voltmeter 


‘TAYLORMETER Model 100A’ is claimed by its 
manufacturers, Taylor Electrical Instruments, Ltd, 
to be the first multi-range meter in Great Britain 
with a sensitivity of 100,000 ohms/V de The m- 
strument is suitable for voltage measurements m 
ingh-resistance circuits, laboratory and research work, 
and m television and other electronic fields It can 
be used in place of a valve voltmeter but without 
the mceonvenience of zero drift, valve replacement 
and alternating-current supply connexions mherent 
m valve voltmeters The de current and voltage 
ranges are 0 2 pamp to 10 amp and 10 mV to 
2,500 V (25,000 V by means of an external adaptor) 
The sensitivity on ac 1s 5,000 ohms/V and the 
maccuracies on the dc, ac and ohm ranges are 2, 
3 and 5 per cent, respectively Another new instru- 
ment m the Taylor multi-range universal meter 
series 1s ‘Model 127.4’, which 1s a pocket-size meter 
with a sensitivity of 20,000 ohms/V de and 1,000 
ohms/V ac It is compact and mexpensive, and 
utilizes the new rugged Taylor moving-coil centre- 
pole meter and 1s specially ranged to give maximum 
reading accuracy for radio and television servicing 
and maimtenance of electrical equipment <A large 
ime which is easy to read, with a 31 in are, is 

tted 


Medical Electronics 


A DETAILED and wellindexed bibhography on 
medical electronics, consisting of 2,900 references, 
has been prepared by the Medical Electonics Center 
of the Rockefeller Institute and published by the 
Professional Group on Medical Electronics, Institute 
of Radio Engmoers, 1 East 79 Street, New York 21, 
New York (Bibhography on Medical Electronics Pp 
91 250 dollars) The term ‘medical electronics’ has 
been taken to comprise appheations of any of the 
branches of electronics, such as acoustics, com- 
munications, television techniques, spectrophoto- 
metry, or dielectric heatmg, to any problems of 
biological or medical research, therapy, public health 
and related fields ‘The bibliography 1s intended to 
serve as source material, and though a selection has 
been. made from all the available material, references 
useful both to investigators tramed primarily m 
physics or electromes and to those engaged in biology 
and medicine have been included ‘The entries are 
arranged m three sections, the mam section consisting 
of references which are numbered consecutively, 
hsted m numerical order, and grouped together in 
related topics, a subject mdex with some cross- 
referencing, and an author mdex from which 
anonymous and editorial matter 1s excluded although 
1t 18 included m the previous sections 


A Fossil Meteorite (?) 

Wuat may prove to be a fossil meteorite was 
discovered at a depth of 32 metres when excavating a 
mme shaft in the district of Magadan, north-eastern 
Siberia As described by A I Shulzhenko (Priroda, 
5, 115, 1959) 16 1s an ron meteorite weighing about 
15 kgm , and of a specific gravity of 7 82, and which 
on analyses proved to be composed mainly of iron, 
with 5-64 per cent nickel and 0 4-0 5 per cent carbon 
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University News Birmingham 


Tux followmg appomtments to lectureships have 
been made Dr M E Davies (m botany), Dr 
C R Sladden (m biology m the Department of 
Zoology), D J Blundell (m geology), K B Haley, 
(m engineermg production), Dr N A J Rogers (m 
chemustry), P W Dykes (m medieal biochemistry 
and expermental pathology in the Department of 
Experimental Pathology) 


Glasgow 


Tux report of the University of Glasgow Appomt- 
ments Committee for the year ended December 31, 
1958 (Pp 15 Glasgow The Umversity 1959), 
records a steep rise m the number of men registered, 
which at 1,051 is almost double the total for 1951 
This 1s attributed to inereasmg use of the Com- 
muttee’s services by students, a contmuing upward 
trend m the number of older graduates seekmg the 
advice of the appointments officers, and the m- 
creasing number who remain at the University after 
registering in the final year Of the total, 735 are in 
science and engineermg, and of these, 302 registered. 
durmg 1958 Of 574 male students obtammg first or 
second degrees ın 1958, 155 were m science, 122 in 
engineering and 74 m other technology Of the total, 
333 remamed in Scotland In science, particularly 
chemistry, there was a proportional merease in the 
number entermg postgraduate research In spite of 
the effect of the new defence pokcy there was no 
shortage of opportunity except for the Jess able 
candidates Of all honours degree candidates, 122, 
or 213 per cent, entered the teachmg profession 
compared with 19 6 per cent m 1957, and m science 
the proportion rose from 21 3 to 23 8 percent There 
was a further inerease m the number of women 
registered and a shght decrease m the notifications 
of vacant posts, but the picture is not significantly 
different from that of 1957, and  msufficent 
opportunity in Scotland for women graduates 
persists 


Announcements 


To commemorate the late Sw Francis Simon, who 
was Dr Lee’s professor of experimental philosophy 
and head of the Clarendon Laboratory, Oxford, the 
Low Temperature Group of the Physical Society has 
instituted a Simon Memorial Prize This 1s an award 
to the value of £250 which ıs to be made at about 
three-yearly intervals for distinguished work in 
experunental o1 theoretical physics Dr Henz 
London, of the Atomic Energy Research Estab- 
hshment, Harwell, 1s the first recipient of this 
award 


Tue third reactor school course on the Contiol 
and Instiumentation of Reactors will take place 
during February 1-12, 1960, and will be open to 
British and overseas students It will be held at 
Durley Hull, Bournemouth, Hampshire Further 
information can be obtamed from the Prmoipal, 
Reactor School Atomic Energy Research Establish- 
ment, Harwell, Didcot, Berkshire All application 
forms must be returned by December 11 


Erratum In the letter entitled “Colour Centies 
produced by Radiation ın Suica Gel”, by Harold W 
Kohn, published m Nature of August 22, “50° C " in 
hne 12, paragraph 2, column 1, p 631, should read 
f£ 500? Cc » 
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DEVELOPMENT TRENDS IN AUSTRALIAN SCIENTIFIC 
RESEARCH 


HE tenth annual report of the Commonwealth 
of Australia Scientific and Industral Research 
Organization covers the year ended June 30, 1958 
(pp 174 Canberra Government Printer, 1958 
14s), rn which the Organization expended £6,861,278 
on normal research activities, £429,328 on capital 
works and £123,655 on grants to outside bodies Of 
its total mcome of £7,414,261, £5,792,894 was from 
Treasury funds and £1,267,928 from the Wool 
Research Trust Fund Grants to research associations 
totalled £41,260 and for Overseas Research Student- 
ships £60,793 Expenditure on investigations into 
plant problems amounted to £754,835, into animal 
health and production problems, £737,848 , into food 
preservation and transport, £245,125, into forest 
products, £316,322, into entomology, £215,588, 
into fisheries, £171,458 , and into mdustrial chem- 
istry, £624,169 £577,186 was spent on the National 
Standards Laboratory, £149,098 on buildimg research, 
£383,672 on radiophysies research, £384,823 on wool 
textiles research, £175,792 on fuel research, £119,338 
on the wild-hfe survey, and £154,929 on land research 
and regional survey <A lst of staff as well as pub- 
hshed papers ıs included ın the report 
A representative commuttee appointed to consider 
the future development of the National Standards 
Laboratory found that while the Laboratory was 
functiomng at a high level of efficiency, the staff and 
accommodation were too lmnited and futwe plans 
should include a well-planned programme of research 
The testing and calibration service for mdustry also 
required expansion, and im sequence with a further 
recommendation, Mr N A  Esserman has been 
appomted as first director of the Laboratory Further 
new arrangements with the universities were con- 
cluded durmg the year, including the development 
of a Buological Inorganic Chemistry Unit in co- 
operation with the Australian National University, 
establishment of a jomt electron microscopy labor- 
atory at the University of Sydney, and of a reader- 
shrp in dairy husbandry, also at Sydney The design 
study of the proposed giant radiotelescope has been 
completed and the instrument is to be constructed 
on & site near Parkes, New South Wales Some 
extension of the technical liaison services of the 
International Wool Secretariat and its affihated 
organizations was agreed and the Secretariat and the 
Australian Wool Bureau are co-operating m making 
known to clothing manufacturers throughout the 
world the Organization’s Si-ro-set process for the 
permanent pleating and creasmg of garments The 
heavy pellet developed in the Division of Biochem- 
istry and Animal Nutrition for admmistermg cobalt 
supplements to sheep has been widely adopted by 
giaziers in Australia The work of the Organization’s 
Plant and Soils Laboratory, Brisbane, has already 
established that the carrying capacity of the area of 
Queensland south of the Tropic of Capricorn and 
recervmg good ramfall can be greatly mereased by 
1eplaemg natural pastures by sown pastures, and the 
work 18 of special interest to the beef cattle industry 
The Division of Sous has developed a new section 
to meet the increasmg demands for study m soil 


mucioscopy and its Soil Mechanics Section continued 
to widen its interests, especially ın foundation prob- 
lems m building, m pavement engmeermg and in the 
stabrihzation of soils Morphological and chemical 
data are bemg compiled for three representative 
profiles of each of the great soil groups which have 
been recognized im Australa It 1s proposed to base 
the main research of the Division of Plant Industry 
on semi-arid native grasslands at Demhqum, New 
South Wales, and to use this as a centre for studies 
of the establishment and maimtenance of sown 
pasture species under dry-land conditions Studies 
were continued on. the effect of clover on the fertility 
of the soil and the residual effects of phosphorus, 
sulphur, boron and molybdenum , on the extraction 
from Thobacilus X (Thioparus) of an enzyme and 
some cytochrome components which catalyse the 
oxidation of thiosulphate to tetrathionate, and on 
the effect of mdividual growth substances on cell 
division and size of fruts Experiments contmued on 
the transfer of resistance to blue mould (Peronospora 
tabacena) from Australian species of Nicotiana to 
commercial varieties of N tabacum An extremely 
dry year was utilized to study the capacity of sown 
pastures to carry sheep and to persist under high 
rates of stockmg and under different systems of 
utihzation Studies of the effects of mtrogen supply 
and extension of the growmg season on four strains 
of P tuberosa were completed, and an improved 
electron dialysis technique mvolvmg a mmimum of 
damage to the plant tissue has been developed for 
determming the cation-exchange capacity of plant 
roots Studies contmued on the beneficial effects of 
wilting on the ensilage of ryegrass and on the drying 
characteristics of pasture plants as affected by air 
velocity, humidity and temperature 

The two urigation iesearch stations on which 
the ways in which wrigated land ean be made to 
keep its fertility are bemg studied, and the tech- 
niques which can be used to reclaim waterlogged or 
salted soil, continued their research programmes 
without major change, and the Department of 
Agriculture, New South Wales, is co-operating in 
the Murrumbidgee areas in studies of control of mon 
chlorosis and of effects of waterloggmg and salting 
on the nutrition of apricots and peaches ‘The 
Drvision of Animal Health and Production has com- 
menced work on the protozoal blood parasites which 
cause ‘tick-fever’ in cattle Good progress ıs bemg 
made towards an understanding of the physiological 
characteristics which determme heat tolerance im 
cattle, with a view of selectmg them withm the 
European breeds or 1mporting them, by crossing with 
such breeds as the Zebu or Afrikander Diseases of 
sheep now receiving special attention are foot-rot 
and foot abscess, mycotic dermatitis and worm 
parasites Sheep husbandry and wool production are 
two of the Drvision’s major research undertakmgs, 
with the view of understanding the genetic basis of 
Ingh wool production, and the nutritional and other 
physiological mechanisms which enable the mherited 
capacity for high wool production to be manffested, 
reducing the heavy losses due to poor fertihty and 
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neo-natal mortality m lambs, and discovermg the 
best and most economic means of offsettmg the 
effects of drought by appropriate maimtenance 
rations and husbandry The present status of animal 
husbandry and production vestigations by Common- 
wealth and State organizations 1s unde: ieview to 
reveal the nature of the major problems on which 
attention could most usefully be focused At the 
Division of Biochemistry and General Nutrition’s 
field stations expermnents aie being conducted on 
salt tolerance and supplementary feeding and on 
cobalt and copper deficiencies, including trials of the 
cobalt pellets developed to protect sheep from cobalt 
deficiency and phaleris staggers 

No major changes are reported m the research 
programme of the Division of Entomology, and great 
Stress continues to be placed on the ecological 
approach An officer has been appointed to study 
the ecology of the cattle tick ın North Queensland, 
and work on cattle dips and pasture spelling 1s being 
intensified In systematics some progress has been 
made on a revision of the Calliphoridae or blowflies, 
and revisions of the Pyrgotidae and Acroceridae havo 
been completed Preparation for the Common- 
wealth-State trial in New South Wales of a proposed 
method of suppressmg outbreaks of the Austrahan 
plague locust advanced considerably, and m work on 
imsecb pests of stored gram the density of msect 
population is bemg studied under conditions of 
controlled oxygen leakage Relations between 
chemical structure and insecticidal activity 
have been exammed m the volatile ketones 
and N-substituted amides of long-cham fatty 
acids 

The Wildhfe Survey Section intensified its study 
of rabbit populations and has initiated mvestigations 
of the digo (Cans famaharis dingo) and the fox 
(Vulpes vulpes)  Bemdes land surveys of the under- 
developed regions by the Division of Land Research 
and Regional Survey to determine them needs and 
population, the Division of Biochemistry and 
General Nutrition 1s mvestigatmg problems of plant 
and animal nutrition on the Coonalpyn Downs, South 
Australa, the Division of Ammal Health and 
Production is breedmg cattle at Belmont, Rock- 
hampton, Queensland, and the Plant and Soil 
Laboratory 1s studying the wallum country ın eastern 
Queensland ‘The Division of Fisheries and Oceano- 
graphy has bult an experimental aquarum at 
Cronulla to study the behaviour patterns of com- 
mercial fish and has devised and tested a method for 
counting and differentiating phytoplankton at sea 
There was no change 1n emphasis of the work of the 
Division The Division of Food Preservation and 
Transport imitiated, jomtly with the New South 
Wales Department of Agriculture, a three-year 
investigation of levels of fruit spray residues and 
ther removal The cheese curd fusmg machme 
developed by the Dey Research Section was put 
through successful trials and could be the first 
effective attempt to mechamze cheese manufacture 
completely Work on the biophysical properties of 
the giant cells of Chara australis was resumed, and a 
study of the properties of sucrose synthesized by 
enzymes was completed The co-operative research 
programmes undertaken by the Division of Building 
Research steadily increased during the year, including 
an mvestigation into the use of ordinary household 
hot-water heaters, fired by brown coal briquettes for 
space heating as well as water-heating to lower- and 
medium-priced houses 
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The Wool Textile Research Laboratory has 
developed an improved sampling device for wool 
and devoted greater effort to shrmk-proofing, m- 
cluding the use of oxidizmg agents Studies con- 
tmued on the exchange of water between a mass of 
wool and the air passing through 16, and work m 
the Division of Industries] Chemistry on the struc- 
tural analysis of amimo-acids has been extended to 
the peptides A major activity of the latter Drvision 
has been ın the techniques of extractive metallurgy 
and a full-scale unit 1s to be installed for final tests 
on the recovery of uranium from Dyson’s ore by the 
Weiss-Swinton jigged bed process for continuous iwon 
exchange Also in co-operation with mdustry the 
Division has completed an investigation of the fluid 
bed roasting of copper concentrates and the sub- 
sequent locating and electromming of copper A 
process has been developed for obtammg thorium of 
high purity, and further kinetic studies were made 
on the decomposition of sulphide mmerals m the 
presence of water and oxygen The mvestigation of 
the constituents of tar from Lurgi gasification plant 
continued, as well as the study of the production 
and properties of various kinds of defects ın crystals 
and their bearmg on chemical and physical properties 
of solids, while mereasmg effort was devoted to the 
design and development of optical and spectroscopic 
equipment An mvestigation on the preparation of 
substituted sebacic acids of possible value as plastic- 
izers and low-temperature lubricants showed that the 
isomerie dihydroxysterie acid easily prepared from 
olac acid, as well as erythro-dihydroxysterie acid 
ean be converted to «-hydroxy-«-octylsebacic acid by 
alkah fusion and m considerably higher yields The 
Coal-Research Section 1s contimwng work on the 
properties, composition and structure of hght oils, 
tars and pitches produced by the carbonization of 
Australian coals 

The Division of ‘Tribophysics contmued its 
fundamental studies m metal physics, surface 
physics and the chemistry of solids, and m some 
co-operative work on the refinmg of lead the su- 
face properties of hquid lead have been measured 
m various media by a radiographic techmque No 
new major projects were mitiated m the Division of 
Physics, where the accuracy of the Laboratory’s 
realization of the International Temperature Scale at 
high temperatures has been considerably increased, 
and proposals have been formulated for its extension 
to well below the present lower limit of —183? C, 
based on an investigation of the dependence on 
temperature of the electrical resistance of platinum 
Electronic apparatus designed or constructed in- 
cludes a photoelectric servo system for the control 
of a physical balance for measuring strong magnetic 
fields, a nuclear resonance thermometer using the 
quadrupole resonance of chlorme , and the control to 1 
in 10 of currents up to l0amp man electromagnet with 
a galvanometer amplifier and power transistors No 
major changes are reported in the work of the Division 
of Electrotechnology, but its high-voltage measurmg 
facilities are to be expanded Special furnaces have 
been constructed and preliminary experiments made 
to determine the conditions of crystal growth most 
hkely to yield satisfactory single organic crystals, 
while further studies have been made on the dielectric 
properties of polycrystalline materials and liquids 
Determinations of the frequency factors and energies 
of activation of methyl ethers and ketones confirmed 
that m long-cham compounds the logarithm of the 
frequency varies lmearly with the energy of actrvation 
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The continuance of the investigations of the 
Division of Radiophysies into the practicability of 
mereasmg rainfall by seeding clouds with silver 
iodide by a further large-scale field trial 15 in pro- 
gress m the Northern Tablelands region of New 
South Wales Development continued of a method 
for obtamung bearmgs from existing Distance Meas- 
urmg Equipment Beams and also research mto the 
purification of semiconductor materials and growth 
of mono crystals, the transport of charges in semi- 
conductors and the development of junction photo 
devices An all-sky camera was installed m October 
1957 and photographs of the whole mght sky have 
been taken regularly at five-mmute intervals since 
that time, recordmg any aurore that may occur, 
and m conjunction with cameras at other stations, 
enabling positions and height of aurore to be 
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deduced In solar physics the association between a 
class of radio bursts conventionally known as type II 
and optical features in the chromosphere has been 
investigated, while the maim observational programme 
of the 15-metre wave-length “Cross” aerial was 
directed towards completing a survey of a belt of the 
sky, 10° wide, around the galactic equator The 
crossed-grating mterferometer 1s producing each day 
a detailed radio picture of the Sun, and observations 
of solar radio disturbances contmued throughout 
the yeaa with the Dapto radio spectrograph, which 
records the Sun’s spectrum m the range of wave- 
lengths between about 15 and 75m The Mathe- 
matical Instruments Section completed the con- 
struction of the transistorized digital differential 
analyser and the techniques are bemg apphed to the 
development of a small general-purpose computer 


DELAYED HYPERSENSITIVITY IN IMMUNOLOGY 


HE mechanism of the delayed form of hyper- 
sensitivity, origmally and still exemplified by 
Koch's tubereulm reaction, has proved much more 
difficult of analysis than that of the immediate 
reaction about the mam immunological features of 
whieh much is now known In the symposium on 
“Delayed Hypersensitivity” held by the British 
Society for Immunology m London on May 8, the 
allergic phenomena associated with reactions of this 
type provided the central theme for discussion 
Little progress towards the understanding of the 
mechanism of the tuberculin reaction can be expected, 
as pointed out by S V Boyden in openmg the 
Symposium, until the nature of the specific change 
m the tissues responsible for the hypersensitivity 
is recognized and can be detected and measured 
tn viro The mjection of tuberculoprotems, when in 
soluble form, leads to the production of specific anti- 
bodies in the blood but not to the appearance of 
delayed hypersensitivity Even when these protems 
are adsorbed on carbon granules or red cell stromata 
to provide them with a particulate vehicle, their 
injection almost invariably results m the develop- 
ment of Arthus-type hypersensitivity It seems that 
1t 15 only when these antigens enter the tissues as an 
integral part of the bacillus, and consequently pass 
through some intracellular experience in phagocytes, 
that the animal will respond to a subsequent skm 
test with a typical delayed tubereuln reaction 
In part, the characteristic delay m the develop- 
ment of the tuberculin reaction might be attributable, 
as J Pepys has observed, to the period of several 
hours needed for the full fixation of the provocative 
agent to the tissue cells The simultaneous injection 
of any agent, such as histamine or hyaluronidase 
which can accelerate the loss of the tuberculin from 
the site of moculation, or of adrenalm which can 
ensure its ietention in the area, consequently much 
affects the intensity of the ensuing reaction It follows, 
therefore, that any constituent present m the tuber- 
culm preparation used that might evoke even a 
ielatively mconspicuous immediate reaction could, 
by so domg, lead to the dispersal of the factor which 
was the cause of the delayed reaction and so mask 
any later manifestations of delayed hypersensitivity 
On the other hand, the mtroduction of the tuberculin 
m a lipid vehicle prolongs the local retention of the 


tuberculm, thereby enhancing 1ts potency and reveal- 
mg m man the presence of degrees of hypersensitivity 
too low to be demonstrable by mtracutaneous tests 
with large doses of tuberculin 

The discovery by Landstemer and Chase that m 
guinea pigs specific delayed hypersensitivity can be 
transferred by an moculum of leucocytes when one 
of serum 1s ineffective has been further analysed for 
human bemgs by H S Lawrence He sought, by 
making extracts from such cells after ther lysis, to 
identify the ‘transfer factor’ concerned This he 
found to be & stable agent capable of resisting ex- 
posuie to deoxyribonuclease, ribonuclease and tryp- 
sm With Pappenhemer, he found that 11 may be 
hberated from the sensitizing leucocytes by mcuba- 
tion alone or by contact with tuberculoprotems , the 
latter procedure caused the cells themselves to lose 
them distinctive property of sensitizmg a recipient 
Delayed hypersensitivity to coccidioidim 1s similarly 
transferable with extracts of sensitizmg leucocytes 
and the specific systemic reactivity so conferred may 
persist for more than a year 

In seeking some biological meanmg for delayed 
hypersensitivity reactions, Lawrence proposed an 
extension of Burnet and Fenner’s ‘self-marker’ con- 
cept to postulate that interaction between host cells 
and phagocytozed microbes may produce slightly 
altered versions of the individual's cellular com- 
ponents by forming intimate (self plux x) complexes 
The latter, recognized as foreign by the host, may 
provoke a cellular immune response (transfer factor) 
directed agamst the complex The cellular immune 
response takes effect against the host's own tissues 
m the form of & local homograft reaction wherever 
and whenever his cells are m appropriate combination 
with the antigen (x) which has induced the alteration 
The effector mechanism (transfer factor) 1s uncovered 
following transfer to recipients and m the presence 
of the test antigen (x) 1b 1s postulated that ıt evokes 
a train of events similar to that called forth by the 
intact microbe m the cells of the donor 

N A Mitehuson further followed up the possible 
resemblances between delayed hypersensitivity and 
the homograft reaction by pomtmg out that 1n both, 
the immunological responses appeared to be attribut- 
able to the particrpation of cell-bound afitbody 
A graft of tissue from one animal to another of the 
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same species provokes the production of both 
humoral and cell-bound antibody , but the former 
generally does not destroy the graft Transplantation 
immunity thus possesses an important feature in 
common with delayed hypersensitivity Further 
similarities arise from the routes of immunization used 
—the mtravenous mjection of cells provokes only a 
poor response m. the rabbit—as well as from the 
tempo of the full transplantation immunity reaction 
which develops before the production of humoral 
antibody reaches 1ts maximum More significantly, 
the cellular infiltration of homografts resembles the 
granuloma induced by tubercle bacillary wax The 
nature of the cell first stimulated by the antigen 
may determme the type of the response, so that a 
single antigen may, m different circumstances, 
elicit either a humoral or a cell-bound antibody 
Alternatively, tissue cells may be supposed to possess 
isoantigens of different kinds each responsible for 
one kind of antibody 

The possibility that a single molecular species of 
antigen can provoke simultaneously both delayed 
and mmediate sensitivity to different dete:mimant 
groups on ib was discussed by P G H Gell and 
B Benacerraf In a study of various types of 
immunological reaction to proteins conjugated with 
such active haptenes as picryl chloride, they have 
demonstrated a dissociation between immediate and 
delayed skin reactivity to the same antigen The 
absence of recognizable antibodies to the protem 
carriers used in these conjugates, at a time when 
thew mtradermal 1njection proved capable of exciting 
a delayed skin reaction, confirms the view that 
reactions of this type do not depend on conventional 
antibodies m the circulation at this tıme, antibodies 
were present specific to the haptenic group Under 
other conditions, delayed sensitivity to the haptemc 
group was also demonstrable They questioned the 
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view that the state of delayed hypersensitivity can be 
regarded as an early, perhaps immature, stage of 
mmumiy Rather, they felt that ıt should be con- 
sidered as a distinctive response to certam quali- 
tatively different, possibly less dominant, groups on 
the antigenic molecule 

With the recognition of the close participation of 
leucocytes ın the transference of specific delayed 
hypersensitivity, J L Gowans’s account of the lfe- 
history of lymphocytes acquires particular relevance 
Experments on rats have shown that the output 
of these cells from the thoracic duct is sufficient to 
replace all the lymphocytes m the blood many times 
daily , the production of new small lymphocytes 1s 
much lower and them survival time much longer 
than was formerly supposed These cells, moreover, 
appear to circulate freely through the tissue spaces 
and i this extravascular transit they may be the 
effector cells in immunological reactions of the delayed 
type 
Ehe features of the immediate and delayed 
‘tuberculin-type’ reactions to trichophyim m gumea 
pigs that can be evoked either after an mfection or 
an moculation with the killed mycelium were de- 
scribed by © N Crusckshank,M D TrotterandM R 
Wood They found that these responses were 
associated with a transferable passive cutaneous 
anaphylaxis, but that they could occur in the 
absence of any detectable preciprtatmg antibodies 
Chemical fractionation of the mycelium showed that 
the antigenic material was mainly a polysaccharide 
containing equal proportions of glucose and mannose 
Finally, R M Gordon and M Lavoipierre, in. discuss- 
ing immediate and delayed reactions to msect bites, 
pomted out that m certain mstances the late reactions 
ordinarily attributed to the saliva of the vector may 
be confused with that caused by some parasite 
introduced into the tissues at the time 
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THE ELECTRIC ARC IN WELDING 


OLLOWING the practice of the previous two 

years, a thnd "Jomung of Metals" Conference 
was held at the University of Birmingham on June 25 
under the chairmanship of Prof E OC Reollason, 
head of the Department of Industrial Metallurgy 
The subject on this occasion was ‘“The Electric Arc 
m Welding”, five papers were presented, and the 
conference was attended by about one hundred 
representatives of industry, the research associations 
and the universities Prof Rollason explamed that 
the purpose of these conferences was to further the 
development and teaching of the basic processes 
underlying the practice of metal joming, and pomted 
out that, m are welding m particular, much less 
effort had been directed towards fundamentals than 
to the empirical development of modern arc welding 
processes He then suggested that there were three 
ways imm which the arc mteracted with the metal 
which were of significance m weldmg First, there 
was heat transfer from the arc which was responsible 
for the formation of the weld pool, secondly, the 
chemco-metallurgical reactions taking place between 
the high-temperature gases m the are atmosphere 
and the*weld metal, and thirdly, the transfer of metal 
droplets across the are which can take place against 


gravity and for which no satisfactory mechanism 
had yet been advanced 

Mr D R Miner, of the Department of Industiial 
Metallurgy, then surveyed the present state of know- 
ledge of those aspects of are physics which were 
pertient to these problems Throughout the main 
body of the arc electrical energy 1s utilized to heat the 
gas to such a temperature that 1t becomes thermally 
ionized and 1s thus able to provide the electrons and 
1ons necessary to carry the required current At the 
anode the electron stream, and at the cathode the 
positive 10n stream, provide the source of energy 
for melting the metal For low-current ares the anode 
processes are reasonably well established, but less is 
known of conditions at the cathode However, for 
high-eurrent welding systems little mformation is 
available in either case Heat and mass transfer 
from the arc column to the electrodes, which determ- 
ines the reactions occurrmg between the arc 
atmosphere and the weld metal and controls the rate 
at which they take place, 1s dependent upon the energy 
dissipated, the gas properties and the mode of heat 
transfer Of particular interest m this respect are 
plasma-jets, which Maecker has demonstrated exist 
wherever there ıs a constriction m the are, such as a 
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cathode spot, giving rise to gas velocities of the order 
of 10* to 105 cm per sec 

Dr G R Salter, of the Department of Industrial 
Metallurgy, contributed a paper which described the 
results of an mvestigation of the absorption of oxygen 
by tıtanmm melted by an electric arc 1n an atmosphere 
of argon contammg controlled quantities of oxygen 
The effect of time, oxygen partial pressure, arc length, 
current, electrode composition and gas flow condit10ns 
had been determined The interpretation of the 
results led to the conclusion that m this system the 
rate-controlhng process was the diffusion of oxygen 
across a, ‘stagnant’ boundary-layer of gas of the order 
of 10-5 em thickness, adjacent to the molten metal, 
which took place over a high temperature active 
area where the oxygen was dissociated The magni- 
tude of the active area was determined by the current 
and are length, and the thickness of the boundary 
layer by the velocity of the cathode plasma-jet 
which impinged on the anode 

Mr J B Wilkinson, also of the Department of 
Industrial Metallurgy, gave an account of work on 
heat transfer m which energy balances had been 
determined for arcs operating between a tungsten 
cathode and a water-cooled copper anode in atmo- 
spheres of argon, nitrogen, helium and hydrogen 
The existence of plasma-jets 1n these ares had been 
demonstrated, ther velocities estimated and attempts 
made to separate the heat transfer from the plasma- 
jet from that due to electron heating of the anode 
The mterpretation of the measurements of the heat 
transferred from the plasma-jet was along simular 
lines to that proposed by Salter for mass transfer, 
that 1s to say, with convection transferring the heat 
to a boundary-layer adjacent to the metal surface 
Some success had been achieved by the application 
of a conventional non-dimensional treatment of 
convective heat transfer with the plasma-jet replaced 
by an equivalent source of hot gas emerging from a 
tube 

In addition to their role ın heat and mass transfer, 
plasma-jets are also responsible for the transfer of 
metal droplets from the molten wire electrode to the 
weld plate This was shown by Mr J C Needham, 
who described work carried out at the Electrical 
Research Association n which a study had been made 
of the detachment and flight of aluminium droplets 
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by high-speed colour photography (8,000 frames per 
sec) The existence and effect of the plasma-jet 
could be inferred from a stream of metal vapour 
emanating from the droplets fowmg m the direction 
of the jet and from the fact that the velocity of the 
drops continued to increase, with accelerations of 10g 
to 100g, after they had been detached from the 
electrode wire, attammg terminal velocities in excess 
of 500 em /sec Experimental determinations of the 
droplet velocity as a function of current, derived from 
the photographs taken by Needham, and from 
trajectory determinations by Mr C J Cooksey of the 
University of Birmingham, compared well with 
theoretical calculations based on a model m which 
the drop became detached when the force exerted 
on 16 by the plasma-jet exceeded the restrammg 
force of surface tension, and was then freely 
accelerated across the are by the impingmg gas 
stream 

An interesting characteristic of the electric arc 1s 
that if 16 1s intensively cooled, for example, by operat- 
ing ıt through a narrow cooled orifice, then the core 
temperature 1s mereased This is because the con- 
ducting area contracts, so that which remains must 
have a higher degree of 1onization and hence a higher 
temperature in order to maintam the required 
current Spectroscopists and are physicists have 
utihzed this property of the arc to heat gas to tem- 
peratures up to 50,000°C for the measurement of 
collision cross-sections and the transition probabilities 
of 10nized and excited atoms and for fundamental 
magnetohydrodynamie studies. Mr A R Moss, 
of the Ministry of Supply, elaborated on the behaviour 
of the constricted arc and showed how ıt could be 
harnessed to technological advantage He described 
the various types of plasma-jet projectors and con- 
stricted arc torches developed m the Armament 
Research and Development Establishment, with 
emphasis on the design and characteristics of devices 
operating with a power consumption up to 100 kV 
amp , although much more powerful equipments were 
mentioned Ther many potential technological 
applications include the melting, cutting and spraying 
of metallic and non-metallic materials m non- 
contaminating atmospheres, chemical synthesis and 
the production of high-temperature gas streams at 
hypersonic velocities D R Mier 


INTERNATIONAL CONGRESS ON ACOUSTICS 


HE thnd International Congiess on Acoustics 
was held m Stuttgart durmg September 1-8 
unde: the presidency of Prof Erwm Meyer 
The first of the series was held in Delft m 1953 
and the second in Cambridge, Massachusetts, in 1956 
Already the number of paiticrpants has risen from 
the orginal 600 to more than 1,000, and in the recent 
congress necessitated the mdividual papers being read 
m eight concunent sessions The mornmgs were 
devoted to 1eview lectures, which all could attend 
These, and the papers presented, covered architectural 
acoustics, ultrasonic techniques and their applications 
to the study of molecular physics, acoustical proper- 
ties of materials employed in industry, noise and its 
abatement (in particular aircraft noise), physiological 
and psychological acoustics 


If one tries to assess the progress made since the 
last congress and which 1s hkely to continue in the 
future, one would perhaps select the last two of 
these as of most interest The two reviews given 
on the subject of the noise of Jets and the quantity 
of smaller papers which followed illustrated the 
strides which have been made since the last congress, 
where the subject of aeronautics mterested but a few 
speakers The mereasing noise-level to which we are 
subjected has stimulated more research into the 
functioning of the ear and the human processes of 
sound perception, which also brought out a stimu- 
lating array of papers 

In building acoustics and molecular acoustics one 
has the feeling that the peak of development has 
passed In the forme: subject ıt seems now to be a 
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question of fine adjustments to existmg knowledge, 
while m the latter new developments may only be 
expected by gomg to extreme temperatures and 
pressures with adaptations of existing techniques 
To illustrate the importance of noise in daily life and 
methods of measuring ib, the regional authorities of 
Baden-Wurtemburg opened to the public an exhibit 
in a Stuttgart Museum entitled "Weniger Larm” 

It was announced that the next mternational con- 
gress would be held m Copenhagen m 1962, and if 
the number of participants should contmue to increase 
at the present rate this will mvolve the local organiza- 
tion in much hard thinking about how they are to 
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lodge them and deal with the readmg of the many 
papers expected 

This situation 1s not pecuha: to acoustics, but there 
is & possibilty of sphttmg the auditory into roughly 
equal numbers of those concerned with physical and 
physiological acoustics and those mterested mainly 
im architectural, musical and mdustrial applications 
Perhaps two congresses en suwe with a week-end of 
social activities and excursions sandwiched between 
them might overcome some of the difficulties of 
organization 

The proceedings of the congress are to be published 
in book form by Elsevier Press E G RICHARDSON 
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PHOTOGRAPHY IN THE INTERNATIONAL GEOPHYSICAL 
YEAR 


SYMPOSIUM on photography m the Inter- 
national Geophysical Year was held ın Edm- 

burgh on June 6, under the auspices of the Scientific 
and Technical Group of the Royal Photographic 
Society of Great Britam 

Following his address of welcome on behalf of the 
Umversity of Edinburgh, Sir Edward Appleton 
stated that he believed the effect of the International 
Geophysical Year on, association between geophys- 
ize1ists would be a permanent one, and recalled the 
descent of the recent great collaboration from earlier 
International Polar Years He then described some 
of the ionospheric work carried out durmg the Inter- 
national Geophysical Year and directed attention to 
the valuable part played by photography m making 
possible permanent records In conclusion, he spoke 
of the most striking discovery of the Van Allen 
radiation belt Miss Harker, president of the Royal 
Photographic Society, rephed and went on to discuss 
the wide compass of photography, illustrated by the 
nature of the subject of the symposium 

The study of aurorae by all-sky cameras was 
described by Dr G M Thomas, of the Balfour 
Stewart Auroral Laboratory He pomted out that 
remoteness and erratic occurrence make auroral data 
scanty, and that any casual collection of data 1s bad 
statistically However, full-time observation 1s a 
costly matter, but sky cameras could provide the 
necessary supplement to visual observation A 
system was described consisting of a motion picture 
camera viewing a large convex murror, the mirror 
bemg heated to keep off frost and snow, and a 
calendar and watch placed 1n the field of ew Timing 
of the camera’s function was provided by a syn- 
ehronous motor A film ilustiating the systematic 
motion of the aurorae was shown It is of great 
importance to correlate the sudden alterations which 
occur with changes in the magnetic field at the 
ground 

The next contribution reviewed some of the con- 
tributions of photographie techniques to rocket and 
satellite work, and described particularly the ballistic 
cameras developed at University College, London, 
for the ‘grenade’ experiment ‘This ıs a method of 
finding upper-air winds and temperatures by meas- 
uring the time of travel of sound from grenades fired 
from an ascending rocket ‘The special function of 
photography here 1s to locate the grenade bursts with 
great precision When the experiment is carried out 


m dayhght, special techniques are necessary to obtain 
rapid triggering of the shutters by light from the 
grenades Experiments under preparation for X-ray 
observation of the Sun and ultra-violet astronomy of 
the stars were also described The latter work is 
bemg conducted in collaboration with Dr H. E 
Butler, of the Royal Observatory, Edmburgh, who 
then described his use of a technique, due origmally 
to Di Baker, of the same Observatory, to bring up 
the detail of very faint interstellar absorption hnes 
Basically, the problem 1s to bring out the signal from 
the ‘background noise’ gram m the plates, and it 1s 
accomplished by careful photometermg and summing 
of the results from many plates, together with sub- 
traction from a standard spectrum to remove the 
emission structure The results were extremely 
impressive, as indeed was the amount of work 
required to obtam them, a millon separate read. 
mgs from twenty-seven different exposures were 
obtained 

Dr C J Waddmgton, of the University of Bristol, 
described his subject as the study of the ‘footprimits’ 
of cosmic ray particles Due to the vastness of his 
subject, he limited his discussion to an extended 
senes of high-altbitude balloon flights with nuclear 
eroulsions made with the avowed intention of 
monitoring the long-term variation of the primary 
cosmic radiation Seventy-three balloon flights were 
made by a group led by Prof E P Ney (Minnesota) 
A typical payload consisted of a dozen 4in x 4m 
600u Ilford G5 emulsion plates, together with a 
single counter and an 10n chamber Although protons 
are more abundant, «-particles were chosen for the 
study for a variety of reasons, among which were the 
complications of an albedo of protons from dis- 
integrations and the greater ease of finding and 
counting «-particle tracks m nuclear emulsions ‘The 
results of these observations are still bemg analysed, 
but already ıt 1s clear that differences m the variation 
of ¢-particle and proton flux after a solar flare should 
ultimately throw light on the properties of the space 
between us and the Sun 

A paper by Dr W I Arvegwitch, of the USSR 
Academy of Sciences Institute of Geography, was 
read for hun in his absence His paper discussed 
photo-topographic methods used by his Institute for 
the study of glaciers For more than a decade 
glaciation has been studied by aerial photography 
although stereo-photogrammetrie surveys from the 
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ground are still considered to be the most rehable 
means of recording the state and behaviour of 
glaciers Recently, however, aerial photography, 
with is advantage of the avoidance of ‘dead areas’ 
due to obstacles, has been applied to the study of 
glacier dynamics Unfortunately, the paper gave no 
information on the experimental equipment, either 
aerial cameras o1 the new Soviet stereograph “SD-1”, 
which was claimed to be notable for its precision, 
having a relatrve mean-square error of vertical con- 
trol m the neighbourhood of 1/3,000 It was a 
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GLASSHOUSE CROPS 
OPEN 


HE Glasshouse Crops Research Institute, Little- 

hampton, Sussex, held its annual open day on 
June 10 when nearly two hundred visitors attended 
The laboratories were open for inspection durmg the 
morning, and after lunch, at which the director, Mr 
F W Toovey, reported on the Institute's progress 
durmg the past year, a series of demonstrations were 
arranged in the expermmental glasshouses and mush- 
room sheds 

In tomato variety trials by the Plant Breedmg 
Section (Mr L A Darby) special interest was shown 
m hybrids with the ‘Baby Lea’ variety, some of 
which are m the F, generation and begining to 
breed reasonably true This veiiety has a compact 
habit of growth (short mternodes), and an attempt 
18 bemg made to incorporate this habit into known 
good combining varieties with the arm. of producing 
an F, hybrid of good early and total yield, bearing 
hugh-quahty frut, and which will not suffer from 
the excessrve vigour of hybrids at present grown 
commercially A cucumber-breeding trial, which was 
also demonstrated, tests the value of P, hybrids for 
commercial use with special reference to early and 
total yields, and to fruit quality 

The Plant Physiology Department (Dr E R 
Leonard) showed the concluding stages of a time-of- 
planting experiment carried out as part of rts growth 
analysis studies on the tomato Previous work has 
suggested the mfluence of day-length on the growth 
of all the major organs of the plant, including the 
roots, and in order to investigate this more fully 
sowimgs at one of the dates mcluded in the mam 
time-of-planting experiment have also been carried 
out at thiee other centres m the British Isles, ranging 
from Guernsey m the Channel Islands to Auchmeruive 
in Scotland, and in Malta and Finland A prototype 
temperature-controlled glass cabinet, erected in a 
glasshouse, for studying the growth of tomato plants 
under controlled day-length throughout a cropping 
season was also on display Another exhibit was 
equipment for the production of artificial temperature 
gradients across a tomato frurt m connexion with 
the Department's mvestigation of fruit ripening dis- 
orders, including those loosely referred to as ‘blotchy 
ripening’ 

The Chemistry Department’s programme, under 
Dr G W Whinsor, meludes a comprehensive study 
of the nutrition of the tomato, and a wide range of 
glasshouse experiments was on view These comprise 
a basic factonal trel, testing nitrogen, phosphorus, 
potassium, calcium and magnesium, two experiments 
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conclusion of the paper that aerial photography could 
greatly speed up a survey, especially with the use of 
helicopters, but that no smgle method in photo- 
topography 1s appropriate in every situation 
The meeting ended with projection of the Russian 
research film, “North Pole", showmg Soviet scientific 
research in the Arctic and describing the results of 
oceanographic and meteorological work Of special 
interest were sequences showing the circulatory 
movements of water and ice-flows about the Pole 
R L F Bovp 


RESEARCH INSTITUTE 
DAY 


on liquid feeding, and an investigation of the effect 
of magnesium. deficiency on yield and its control by 
applying magnesium sulphate to the soil or to the 
folage Determmations of nutrient uptake are a 
special feature of these experiments Laboratory 
studies of tomato fruit composition were also 
demonstrated , these have particular reference to 
frurt-ripening disorders and may shed hght on factors 
determining flavour Changes m the enzyme activity 
associated with ripening are also being investigated. 
The Department also works on othe: glasshouse crops, 
and of topical interest were the studies bemg made 
of the effects of manganese toxicity on tomatoes, 
lettuce and carnations A factorial nutritional trial 
on cainations, testing three levels of mtrogen and 
potassium m the presence or absence of added 
phosphorus, magnesium or calerum, was also on view 
With the cultivated mushroom certam cultural 
problems are studied, particular attention bemg paid 
to various factors of the casing layer m relation to 
fruiting, evidence has accumulated that total 
moisture stress has an important mfluence on fiuitmg 
An investigation of the effect of factors of the 
atmosphere environment on mushroom growth is 
also about to be taken up, and a prototype controlled- 
environment chamber for this was on view 

The Plant Pathology Division (under Dr L Bioad- 
bent) demonstrated the work of 1ts thiee Departments, 
Entomology (Dr N W Hussey), Mycology (Mr 
P H Wilhams) and Vuology (Mr M Hollmgs) 
At present the Entomology Department 18 devoting 
a great deal of attention to cecids affecting the 
cultivated mushroom, observations on their lfe- 
history were illustrated, and results were presented 
on the very rapid iate of imorease of the Jarve in 
compost The results of expermments on the control 
of cecids by the application of y-BHC to compost 
or casing were also displayed The Mycology Depart- 
ment showed aspects of its work on the Didymella 
stem rot of the tomato, on cucumber mildew, on 
carnation wilts and on mushroom frurtimg disorders 
In connexion with the mvestigation of carnation wilt 
diseases, a glasshouse experiment on the survival of 
the pathogens in soil and plant roots was 1n progress , 
this involves the growing of carnations, chrysanthe- 
mums and tomatoes m rotation m concrete-lmed 
keds to see whether the wilt organisms can be carried 
over on hosts other than the carnation, even though 
producing no visible symptoms on those hosts 
Mushroom fruiting disorders, associated with*greatly 
reduced croppmg, have caused much concern to the 
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industry duimg the past few yeais, but then mvestiga- 
tion has proved very perplexmg because of the 
variety of symptoms produced At the Institute the 
possible transmissibility of the disorders has been 
particularly studied, and 1n recent experiments, 
which were demonstrated, evidence of artificial 
transmission and natural spread followmg the mocula- 
tion of beds has been obtained Of special interest 1n 
the Virology Department's programme, which 1s 
about to be greatly expanded, was the success 
achieved in rooting meristem cultures of carnations 
and transferring them to conventional growing media , 
this work has been undertaken as a prelude to the 
investigation of heat therapy for carnation virus 
diseases 


3 STUDIES IN 


NDER the title “After Work Lesure and 
Learning m Two Towns”, the National Institute 
of Adult Education has published, for the Manchester 
and District Advisory Council for Further Education, 
studies m Bolton and Rochdale by Mr R Ruddock 
and Dr A Wilson (pp 63 London National 
Institute of Adult Education, 1959 3s 6d) Prof 
R D Waller contributes an mtroduction explaming 
the purpose and basis of the two surveys, which give 
special attention to the twenty to thirty age group, 
and suggesting a few generalizations Dr Wilson's 
survey of Rochdale started a few months later than 
Mr Ruddock’s survey of Bolton, and he stresses the 
quality and quantity of educational and cultural 
activity m this town of some 86,770 imhabitants 
While this ıs probably not less than that of any other 
mdustrial town of comparable size m Great Britam 
probably as many as 40 per cent of young adults 
have no connexion with any organization outside 
then job and home The Rochdale Literary and 
Scientific Society, founded in 1878, has always had 
the backing of influential scientists, doctors, teachers 
and others and often exercised considerable influence 
in educational and cultural matters, 1ts member- 
ship has fluctuated between 233 and 350 during the 
first half of this century, but has smce reached 650 
Nevertheless, apart from societies promoting religious, 
musical, dramatic or highly specialized leisure pur- 
suits, the voluntary societies have little success in 
attiacting people in the 18-36 age group, and during 
the past five years the membership of voluntary 
societies has fallen by 12-13 pex cent 
The survey suggests that some of the young adults 
would welcome the opportunity to live a fuller social 
life and that others might adopt a similar attitude 1f 
parents, school-teachers and employers broadened 
ther horizons and developed ther latent mterests m. 
society and the problems which face rts responsible 
citazens Dr Wilson suggests that the links between 
technical students and liberal or non-vocational 
studies could be developed, for example, by residential 
courses organized by the Extra-Mural Department of 
the University of Manchester Nor is full use yet 
made of the facilities for further education under the 
part-tume day release scheme with a school popula- 
tion of 12,287 m sixty schools, day release from 
2,289 technical college students 1s only 943, 76 from 
243 Sehool of Art students, and 19 from 1,883 
Further Education Centre students 
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The Crop Protection Department (Mr W H Read) 
had a strikmg demonstration of the effect of captan 
in protecting tomato plants from Didymella stem 
rot A glasshouse trial showing the value of the 
chemical soil sterilizing agents, metham and chloro- 
pierin, m comparison with steammg, was also on view 

Among the current activities of the Statistics Sec- 
tion (Mr D Cooke) attention was directed to a 
survey that ıs to be carried out, m collaboration with 
Rothamsted Experimental Station and the Ministry 
of Agricultme, on the tomato varieties m commercial 
cultivation in relation to earliness and district This 
should provide mformation of particular interest mn 
connexion with the breeding programme and experi- 
mental work generally F W Toovzvr 
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RECREATION 


For Bolton, with approximately double the 
population (163,800), the statistical picture is similar 
The population per acre, rates per head and buth- 
rate are very sunilar there ae 25,374 students m 
102 schools and the total expenditure on education 
ys roughly double (£2,278,812 compared with 
£1,115,567) Of the 6,700 technical college students, 
2,800 are day release, but there is no day release 
among 748 School of Art students and 2,700 Further 
Education Centre students Like Rochdale, Bolton 
18 becoming less dependent on the textile mdustry, 
and employment m the textile industries has dropped 
to less than 25 per cent of the workmg population, 
compared with 47 per cent m Rochdale Mr Ruddock 
estimates that the voluntary societies contribute only 
perhaps one-twentieth to the cultural activity of 
Bolton and that the whole cultural life of Bolton is 
sustamed by some 6,000 of ıts citizens Among the 
suggestions he makes, all concerned with the upper 
30 per cent of the population, m the educational 
sense, 1s extended publicity to ensure that more 
young adults know of the Workers’ Educational 
Association and other serlous organizations m the 
cultural field Many premises iequire improving 
and equipment The Central Library ıs admuably 
situated for sponsoring experimental provision, and 
although there 1s much good teaching of the plastic 
arts ın Bolton, local amateurs could benefit by 
experience of a more excitmg and vital practice 
which might be offered from outside Besides 
the provision of special courses for those con- 
ducting classes and meetmgs, Mr Ruddock sug- 
gests that the many graduate teachers, lawyers, 
doctors, mimuisters, scientists and admunistiators m 
Bolton might be encouraged to associate more freely 
and that executive members of local businesses would 
gam much from organized group contacts with 
specialists m science, administration, education and 
social science, many of whom could be reached 
through the Umversity Extra-Mural Department or 
Bolton Technical College 

Prof Waller points out that nether sw vey says 
much about the large undifferentiated mass—what 
its members’ spare-time activities are, what could be 
done to interest them and mvolve them in socially 
healthy and worth-while pursuits Both surveys 
support explicitly and umplicitly Dr I Trenaman’s 
conclusion, that all cultural and educational activities 
touch only about half of the population, and that 
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half meludes all those who have received highor 
education It ıs the late school leavers who are the 
most likely to carry on cultural mterests into mature 
hfe, and there seems good reason to beleve that 
longer schooling, the sensible organization of con- 
tinuation work and youth activities and the liberal 
treatment of vocational trammg would all consider- 
ably affect cultwal and intellectual interests in later 
life Prof Walle: also notes Di Wilson's observation 
that those of the 20-30 age group who are most 
deeply addicted to television seem to have taken no 
course since leaving school, have no connexion with 
chuch or voluntary society and no mterest m any 
othe: local society and organization Possibly only 
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MARITAL FERTILITY IN 


HE census of 1951 was the first general census 

since 1911 to include questions relating to the 
fertility of married women of England and Wales 
The answers to these questions have been analysed 
in the fertility report which has recently been pub- 
lished (Census 1951 England and Wales Fertility 
Report Pp exi+251 London HM Stationery 
Office, 1959 £4 10s net) 

The analysis of fertility movements has become of 
mereasmg interest to demographers and other social 
scientists for a number of reasons In the first place, 
fluctuations m marital fertility and long-term changes 
in the fertihty-rate have most important effects on 
the size and structure of the population, particularly 
in low-mortahty areas hke Great Britam Secondly, 
differences in the fertility of various sub-groups of 
the population are of considerable sociological interest 
by themselves, and changes m differential fertility 
may throw important light on other aspects of social 
change It is thus hkely that questions on marital 
fertility will figure m future British censuses as & 
matter of routme 

The growth of mterest m fertility has also led to 
considerable developments m the method of analysis, 
in particular, the use of cohort analysis m which the 
fertility experience of a group of women who were 
either born or married m the same calendar year 18 
traced throughout their reproductive lives This 
method of analysis was used m the statistical reports 
of the Royal Commission on population, and is now 
also apphed xn the Fertility Report ın discussing the 
problem of population replacement 

The fertility questions asked m the 1951 census 
were limited to married women under the age of 
fifty at the time of the census These were asked to 
state the date of ther marriage (and their first 
marriage, 1f married more than once), the number of 
hve-born children, and whether they had given birth 
to a live-born child in the twelve months preceding 
the census In addition, the census schedule con- 
tained the woman's age, and, if her husband was 
enumerated on the same schedule, particulars relating 
to his occupation In order to sumplify the analysis, 
a sample of 20 per cent of the 7 4 million married 
women was selected for analysis an 80 per cent 
sample of women aged 45-49 was taken to obtam 
more detailed data on completed fertility A com- 
plete analysis was made of all women who had been 
married more than once, but such women constituted 
only 4 1 per cent of all married women 
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television could induce any desne to participate m 
communal activities among this goup While the 
position of estabhshed societies and orgamzations 
vares—the thriving state of the Bolton branch of 
the Workers’ Educational Association contrasts with 
a decline of 12-13 per cent of the membership of the 
Rochdale branch durmg the past five years—all seem 
likely to gain from an unproved educational system 
and a better developed service of youth All would 
be helped by better and co-operative publicity, 
perhaps with the assistance of local authorities, and 
all would be greatly strengthened by publie provision 
of central premises, available to them all without 
eripphng rental charges 


ENGLAND AND WALES 


The fertility report aums to answer three questions 
Furst, what is the current level of marital fertility m 
England and Wales? Secondly, what differences m 
fertility between various groups may be detected 
from the data ? Lastly, what are the implications of 
present trends on population replacement ? 

It will be convenient to deal with the last topic 
fust It 1s teresting to note official recognition of 
the fact that the question as put 1s incapable of bemg 
given a definite answer On p xoi of the report a 
number of different hypothetical replacement-rates, 
calculated on different assumptions, are put forward, 
varying between 0 965 and 1 084 ‘The official 
comment is that “current habits imply «m the long 
?un approximately full replacement of one generation 
by the next and possibly very little more" (p xen). 
This 18 a far cry from the position m the 1930's when 
warnings about incipient rapid population decline 
were common To be fair, however, it should be 
pomted out that women born in the early years of 
the century did not have sufficient children to replace 
themselves (women born between 1903-8 had a 
generation replacement-rate of only 0 672, those 
born between 1913-18 0 795) It 1s clear, however, 
that ın the immediate future, violent changes m total 
numbers are unlikely 

There are shght mdications that the recovery m 
average famuly size after the end of the Second World 
War was slowing down in the middle "fifties, but ıt 
will be necessary to wait for the 1961 census data 
before we can be certam of this 

It is not the function of an official census report 
to speculate upon the causes of the reversal on 
fertility trends, but the chapter on differential 
fertility gives information about differentials between 
occupational groups (both the traditional five-fold 
classification and the twelve socio-economic groups), 
between different geographical areas, and also an 
analysis of fertility differences by differences in the 
ages of husband and wife The indices studied are 
mean family sıze, proportion mfertile and current 
fertihty-rate These figures confirm the umpression 
that clerical workers, shopkeepers and the lowei 
professional, administrative and managerial groups 
are now the least fertile section of the popula- 
tion, their fertility bemg about 20 per cent below 
that of the population as a whole On the 
other hand, semi-skilled and unskilled manual 
workers continue to show an excess of about the 
same amount 
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The report, of course, contains much additional 
information, some of 1t meidental to the principal 
topic For the calculation of replacement-rates, a 
female nuptiahty table showing the proportion of the 
female population at different ages by marital status 
had to be computed, assummg current rates of death, 
marriage and dissolution of marnage, and mter- 
esting facts emerge about the marmage habits of 
different groups of the population 
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One hopes that the fertility questions will be 
repeated ım 1961, and that the questions will be asked 
of all married women this time It 1s only through 
periodic inquiries such as this that the fertihty 
of the population as a whole can be adequately 
studied, and the mmportance of the subject warrants 
inquiries of this kind to be made at intervals 
more frequent than once in forty years 

E GREBENIK. 
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JOHN INNES HORTICULTURAL INSTITUTION 
ANNUAL REPORT, 1958 


HE accommodation and facilities at the John 
Innes Horticultural Institution, the annual 
report of which was recently published (Forty-nmth 
Annual Report, 1958 Pp 44  Bayfordbury, Hert- 
ford John Innes Horticultural Institution, 1959 
3s), continue to expand In the Department of 
Plant Breeding, much work has been carried out in 
an effort to 1mprove the apple, with special attention 
to breeding for apple scab and apple mildew 
Secondary emphasis has been placed on hybridiza- 
tion to fill varietal gaps — Pear-apple hybrids have 
been found to be only possible usmg the pear as 
female parent, and there appears to be no funda- 
mental genetic barrier to crossmg the two genera, 
however, hormone treatment 15 necessary for success 
Very few of the hybrids have survived the seedling 
stago, due to rapid breakdown of root tissue This 
weakness 1s only partly overcome by grafting and 
only about 2 per cont of those produced up to 1956 
have survived It has been claimed that parental 
performance can be improved by selection combined 
with mbreedmg and that undesirable characters, 
such as disease susceptibihty, can be removed with- 
out mpammg the general breedmg behaviour of the 
original genotypes Whether or not worth-while 
results can be obtamed m this manner ıs contro- 
versial, but a programme of inbreeding strawberries 
has been designed to answer some of these questions 
The results so far suggest that selfing causes a con- 
siderable loss of vigour In practice, changes affectme 
only one character are seldom brought about by 
selection after hybridization Such changes are more 
hkely to be achieved if genetic variability can be 
produced without crossing Experiments on m- 
creasing genetic variability of bred lines of tomato 
by irradiation using phosphorus-32 indicate that it 
may be possible to increase quantitative variation m 
tomato by this means 
Self-compatibihty m the family Solanaceae and in 
the genus Inara 1s bemg investigated in the 
Department of Genetics as well as the genetics of 
Coprinus lagopus The Department of Potato 
Genetics has continued work on various aspects of 
species relationships Until recently, breeding for 
resistance to late bight has been based on genes for 
resistance derived from S denissum At first, 
varieties possessing a single gene for resistance were 
satisfactory, but eventually succumbed to new races 
of Phytophthora «nfestans Resistance based on field 
resistance presumably controlled by a number of 
genes x» thought to be more promising Selection of 
field-resistant varieties 18 slow and there 1s probably 


scope for varieties incorporating two or three different 
genes for resistance The genetic variability of the 
fungus is also bemg studied as well as resistance of 
potato varieties to virus X and virus Y The 
Department of Plant-Cell Biology has continued 
studies on leaf growth Observations have con- 
tinued on the relative contributions of cell division 
and cell expansion to the second pair of leaves and 
the tenth leaf of Helanthus annuus The tenth leaf 
reached an area about three times greater than a 
leaf at the second node, on the other hand, the 
average volume of the cells of the tenth leaf was 
only about one-half that of the second leaf The 
greater size of the tenth leaf 1s therefore due to longe: 
duration of division rather than a greater final cell 
size Division, contmued until the leaf was more than 
three-quarters fully grown The results refute the 
older idea that durmg early development of the 
leaf, growth 1s due mainly to formation of new cells 
and that after division has ceased subsequent growth 
is due to cell enlargement It ıs concluded that 
division, and expansion do not determine leaf growth 
in two distinct developmental phases Experiments 
have been mitiated to investigate the metabolic 
activities of the shoot apex in both its vegetative 
and reproductive states Observations are recorded 
on the terminal meristem of winter rye at a stage 
when the reproductive state of the apex is bemg 
initiated 

In the Department of Physiology and Plant 
Culturo much attention has been given to design of 
growth 100ms which will give the highest practical 
uniformity of Lght intensity, aw temperature, air 
velocity and relative humidity m the space available 
for plants Attention has also been directed to 
maximum flexibility From the experience gained ıt 
has been possible to formulate the essential features 
necessary m such growth rooms These facihties have 
been used to study the early growth and develop- 
ment of tomatoes In all the conditions tested, 
plants grown in compost were found to have a 
higher growth-rate than can be obtamed m vermi- 
culite watered with nutrient solution The factors 
involved are being studied The hght/temperature 
regrmes in glasshouses are very important and it 1s 
hoped that a detailed study will prove of value in 
balancing the temperature of the glasshouse (which 
can be controlled especially at mght) with the 
amount of light recerved, which cannot be controlled 
If such a balanco could be achieved, a great 
economy in glasshouse-tomato production would be 
attained, 
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A REVISED CLASSIFICATION OF THE LUDLOVIAN SUCCESSION 
AT LUDLOW 


By C H HOLLAND 
Bedford College, University of London 


J D. LAWSON 


University of Birmingham 


AND 


V G WALMSLEY 


University College, Swansea 


ECENT detailed studies of the shelf-facies of the 
Ludlovian at May Hillt, Usk?, Woolhope?t and 
Malvern‘ have revealed a consistent pattern of faunal 
divisions For some years workers in the Ludlow 
Research Group have been convinced that the same 
general pattern obtains in the type area at Ludlow 
Unpublished work on areas to the west of Ludlow, 
at Lemtwardme (J H MeD Whitaker) and Elton 
(B J Willams), has strengthened this conviction 
Unfortunately, the published accounts of the type 
area®-§ fail to recognize the (two most distinctive 
faunal divisions (Lower Brmgewood Beds and Upper 
Leintwardme Beds of the proposed classification) and 
leave the other divisions madequately defined, often 
in terms of unreliable ‘zone fossils’, such as Camaroto- 
echia nucula and Day navrcula A revision of the 
geology of the Silurian m the Ludlow district was, 
therefore, undertaken by us The area investigated 
extends from Downton Gorge in the west to Ludlow 
itself and then southwards as far as a lime jomung 
Aston and Richard’s Castle, ıt hes between the 
Lemtwardine area to the west and the Elton area to 
the south-west This work has been completed and 
a detailed account 1s being prepared for publication 
It will include details of localities, faunal lists, and a 
geological map Standard sections for the classifica- 
tion will be chosen, after discussion with Mr B J 
Wilhams and Mr J H McD Whitaker, from the 
whole area of the Ludlow anticlme The detailed 
description of these sections, excavated if necessary, 
will inelude maps, sketches and photographs It has 
been considered necessary to present this prelummary 
synopsis of the revised classification in order to 
facilitate stratigraphical correlation im xmpending 
publications on other Welsh Borderland areas of 
Ludlovian rocks Moreover, several overseas geo- 
logists have made extensive collections based on the 
new scheme and need to refer to ıt m ther pub- 
lications 
The revised classification and its relationship to 
the existing scheme are shown in Table 1 


Table 1 


PROPOSED CLASSIFICATION PREVIOUS CLASSIFICATION 


Upper Whitcliffe Beds Upper Whiteliffe or Chonetes Flags 

Lower Whitchffe Beds Lower Whiteliffe or Rhynchonella 
ags 

Upper Leintwardine Beds 


Mocktree or Daya Shales 














Lower Leintwardine Beds 





Upper Bringewood Beds 
Aymestry or Conchwlium Limestone! 
Lower Bringewood Beds 
Upper Elton Beds 
Middle Elton Beds 


Lower Elton Beds 


Lower Ludlow Shales 














The introduction of new names has not been under- 
taken lightly and raises a number of problems 
These nine divisions in the Ludlovian succession are 
defined essentially on their characteristic faunal 
assemblages and are therefore biostratigraphical 
units? At Ludlow, because the faunas are to some 
extent facies faunas, these biostratigraphical units 
tend to comeide with hthostratigraphical units 
(divisions defined on the basis of lithological change) 
Consequently, they are easily mappable divisions and 
it may be justifiable to consider them as formations, 
although many stratigraphers insist that formations 
should be distinguished on lithological criteria alone 
For the kind of unit with which we are here con- 
cerned, the American Commission on Stratigraphic 
Nomenclature recommends the use of the term 
‘assemblage zone’ It further recommends that such 
assemblage zones be named after one of the fossils 
of the assemblage 

There are, however, serious objections to this 
latter practice Taxonomic revision of a fossil name 
which has been used m this way causes confusion 
Moreover, the selection of one fossil name from the 
assemblage 1s liable to throw undue emphasis on the 
one chosen, even when it is made clear that 1t serves 
mezely as a label for a whole fauna  Misunderstanding 
arises especially where, as is often the case, the 
chosen fossil actually occurs also outside the strati- 
graphical unit defined In fact, m the succession of 
faunal assemblages outhned here 1t would be diffieult 
to find fossils which do not range beyond the limits 
of one such umt In the absence, at present, of a 
more satisfactory method of namung such divisions 
we prefer to use the non-committal term ‘Beds’ 
and to distinguish these by appropriate local 
place names 

The Elion Beds are named after the village of 
Elton (SO 457 708), m the viemity of which 1s the 
Elton Lane section described by Wood’ in estab- 
lishing her Lower Ludlow graptohte zones Bringe- 
wood Chase is the general name for the highest 
wooded ground (SO 458 733) between Ludlow and 
Downton Gorge, north of the Ludlow—Wigmore road 
The name Lewmtwardwe (after the village at SO 404 
740) 1$ preferred to Mocktree* because of the poss- 
ibihty of these names being used for stages ending in 
san Finally, Whetchffe (SO 508 742) refers to the 
right bank of the River Teme at Ludlow, the name 
of which was used by Elles and Slater' Its retention 
seems unlikely to cause confusion , but 16 1s pointed 
out that these authors meluded the Ludlow Bone 
Bed within ther ‘Whitcliffe Flags’, while we, fol- 
lowmg White’, regard this distinctive horizon as 
forming the base of the Downtonian 

In Wood's* classification of the Lower Ludlow 
rocks on the basis of their graptolite faunas, the 
Monogi apiu tumsescens zone 15 succeeded by the zone 
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of M lewtwaidanensws, which is said to mclude the 
Aymestry Limestone, "above which no graptohtes 
are known" Elles and Slater’, and later Alexander’, 
extended the recorded range of M lewtwardwwnsws 
mto the Mocktree Shales We have recorded M 
tumescens from the Lower Bringewood Beds of our 
classification and have found M lewntwardenensis m 
the Lemtwardme Beds only We know of no 
eonfirmable record of M. lemtwardinensis from 
below the Lemtwardine Beds 

The followmg notes are intended as a brief 1ndica- 
tion of the essential characteristics of the subdivisions 
proposed Fossils are listed in each case which are 
common, fairly common, or characteristically present 
A few localities are given at which the various beds 
may be examined 

(1) Lower Exron Beps (Approximate thickness 
100-150 ft) Soft, poorly bedded, shaly and flaggy, 
pale olive calcareous siltstones, with layers of lime- 
stone nodules The beds often have a speckled 
appearance due to the presence of numerous shell 
fragments There is a shelly fauna of Wenlockian 
aspect, in which small brachiopods and trilobites 
predommate  Graptolites are exceedingly rare, these 
being the “Barren Beds’ of the Lower Ludlow Shales? 

Fossils Atrypareteculares (Linnseus) , Chonetowdea 
gray (Davidson) , Decoelosia [Belobstes] biloba (Lin- 
neus) (characteristically present), Leptaena shom- 
bordalıs (Wilckens), Resserella [Paimorthis] of 
elegantula (Dalman), Skenadsowes lewis (Davidson) 
(characteristically present), Dalmanites vulgaris 
(Salter), Beyrichea maccoyana Jones 

Locahtes (a) Overlymg Wenlock Limestone m 
old quarry (SO 4725 7300) on south side of Ludlow— 
Wigmore road, about one mile north-east of Aston 
Church The soft siltstones of the Lower Elton Beds 
contrast strongly with the nodular limestones of the 
top Wenlock Limestone (b) Stream section (SO 
4360 7265) 1n wood about half a mile north-west of 
Burrmgton Church 

(2) Mippitz Erron Beps (Approximate thick- 
ness 150-350ft) Weill-bedded, shaly and thinly 
flaggy, light olive-grey to yellowish-grey, more or 
less calcareous siltstones, with smooth, conchoidal 
fracture Graptolites and orthoconic nautiloids pre- 
dominate These are the Lower Ludlow Shales of the 
Monograptus nilsson. and M scaracus zones of Wood’ 

Fossils Chonetordea gays (Davidson), Dal- 
manites vulgaris (Salter), Beyrichia maccoyana Jones , 
Monograptus bohemius (Barrande), M colonus 
(Barrande) (common), M dubius (Suess), M nilssone 
(Barrande) (characteristically present), M scanicus 
(Tullberg) (characteristically present), M uncinatus 
(Tullberg), M varans (Wood), Slava [Cardéola] inter - 
rupta (Broderip) , orthocomoe nautiloids (common) 

Locahtws (a) Stream bank (SO 4785 7328) about 
580 yards south-west of Mary Knoll House (b) Ex- 
posures m stream referred to under Lower Elton 
Beds above, for example, at SO 4338 7264 

(3) Upper Erron Beps (Approxunate thickness 
150-250 ft) Hard, well-bedded, flaggy, hght olive- 
grey, calcareous siltstones with occasional thin lume- 
stone bands These are the Lower Ludlow Shales of 
the Monogiaptus tumescens zone of Wood! and this 
graptohte 1s the only common fossil 

Fossils Chonetes lemsma (J de C Sowerby), 
Lingula lata J de C Sowerby, Monograptus 
tumescens Wood (common and characteristic) , ortho- 
conie nautiloids 

Locahitves (a) Roadside exposure at Gorsty Farm 
(SO 4785 7355) (b) Exposures ın steep wooded slope 
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above River Teme (SO 431 728), about half a mile 
north-west of Burrmgton Bridge 

(4) Lower Brincewoop Bens (Approximate 
thickness 160—200 ft) Irregularly bedded, flaggy, 
pale greyish-olive to greenish grey, calcareous silt- 
stones, with hmestone nodules Large brachiopods, 
particularly strophomenids, areabundant These beds 
have not previously been distinguished but have 
probably been included in the Aymestry Limestone 

Fossils Atrypa reticularis (Linneus); Brachyprson 
sp nov , Dalmanella orbicularis (J de C Sowerby), 
Gypidula lata Alexander, Lepiaena rhombowahs 
(Wilekens) , Leptostiophia filosa (J de C Sowerby), 
Shalena sp nov , Sphaerwhynchia [Walsonia] wilsoni 
(J Sowerby), Strophonella euglypha  (Hiswger), 
Si ophonella funcculata (McCoy) , Dalmanates vulgaris 
(Salter), Poleumita globosa (Schlotheim); bryozoa 

Locals (a) Old quarry on south side of Ludlow- 
Wigmore road (SO 4825 7373), about 140 yards 
north-east of Mary Knoll House (b) (SO 4940 7265) 
Sections 200 yards north-west of Sunnyhill Cottages 

(5) Upper Brincewoop BEDS (Approximate 
thickness 40—150 ft) Hard, irregularly bedded, 
flaggy and nodular, greenish-grey silty limestones or 
grey limestones, with thin shaly partings at intervals 
of several feet The fauna is similar to that of the 
Lowe: Brmgewood Beds, but strophomenids are less 
abundant, whereas Conchideum knight and com- 
pound corals become common These beds con- 
stitute the familar Aymestry Limestone as seen at 
Aymestrey and View Edge 

Fossils — Atrypa retvculants (Linnæus) (common) , 
Conchidium knight. (J de C Sowerby) (character- 
istically present), Gypidula lata Alexander , Leptaena 
rhomboidalis (Wilckens) , Sphaerwhynchwa, [Welsonza] 
wilsonr (J Sowerby), Strophonella euglypha (Hism- 
ger) (common),  P'avoswes sp  (characteristically 
present), Heholtes sp (characteristically present), 
solitary corals, stromatoporoids (characteristically 
present), crmoid columnals 

Localities (a) Old quarry (SO 4851 7370) at north 
end of Mary Knoll (b) East side of River Teme just 
south of Bow Bridge (SO 4306 7313) 

(6) LOWER LEINTWARDINE BEDS (Approximate 
thickness 100 ft ) Flaggy, light olive-grey, calcareous 
siltstones, with bands of shelly limestone which 
weather to dark  yellowish-brown  rottenstones 
Brachiopods are abundant, but many species char- 
acteristic of the Brmgewood Beds have disappeared 
(for example, Conchadwum knight, Gypidula lata, 
Stophonella euglypha) , corals and stromatoporoids 
are also absent These beds are roughly equivalent 
to the Dayza or Mocktree Shales of Elles and Slater’ 

Fossils Atiypa retecularts (Linneus) (common) , 
Camaotoechia [Rhynchonella] nucula (J de C 
Sowerby), Chonetes lepssma (J de C Sowerby) 
(common) , Dalmanella orbicularzs (J de C. Sowerby) 
(common), Daya nawcula (J de O Sowerby) 
(common), Lepiaena rhombowlalas (Wilckens) , Lan- 
gula lata J de C Sowerby, Shalerra ornatella 
(Davidson) (common in the higher beds), Sphaers- 
rhyncha [Welsonza] welsone (J Sowerby) (common) , 
Monograptus lemtwardinensts Lapworth (character- 
istically present) 

Localities (a) Quarry at Sunnyhill Cottages (SO 
4954 7253) (b) Old quarry (SO 4375 7307) at top of 
wooded scarp of Burrmgton Hays showmg Lower 
Lemtwardine Beds on Upper Brmgewood Beds 
(c) Deep roadside quarry (SO 4910 7399), about 
1,050 yards east-north-east of Mary Knoll House, 
showing uppermost Lower Lemtwardine Beds 
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(7) UPPER LernrwarpIne BEDS — (Approximate 
thickness 5-20 ft) Irregularly bedded, flaggy, light 
olive-grey, calcareous siltstones, with an abundant 
and most distinctive faunal assemblage There are 
several trilobite species and an overlap of the 
brachiopod faunas characteristic of the lower and 
upper parts of the succession Thin ‘biscuity’ dark 
yellowish-brown layers, crowded with Beyrichia 
lauensw and Chonetowdea graye are characteristic of 
exposures in the western part of the distuct This 
mnportant division was not recognized by previous 
authors but appears to have been for the most part 
included m the Dayza or Mocktree Shales of Elles 
and Slate? 

Fossils Camarotoechia [Rhynchonella] nucula (J 
de C Sowerby), Chonetes strratellus (Dalman), 
Chonetordea grayt (Davidson) (common 1n the west), 
Dalmanella lunata (J de C Sowerby), D orbicularis 
(J deC Sowerby), Leptaena rhombordalıs (Wilckens) , 
Shalerva ornatella (Davidson) (common im the east) , 
Calymene neowtev media R and E Richter (charac- 
teristically present), | Enormurus sp ,  Proetid 
trilobite, Beyrıchia lauensıs Kiesow (characteristic- 
ally present) 

Locales (a) Small roadside exposure (SO 4925 
7406) about three-quarters of a mile east-north-east 
of Mary Knoll House (b) Small old quarry (SO 
4542 7370) above Forestry Commission track which 
leads from (SO 4595 7405) near Deepwood south- 
wards, and then westwards across the wooded 
slopes of Bringewood Chase Other small exposures 
by this track are at SO 4550 7371 and SO 4588 
7374 

(8) Lower WHuuIrTciirrFE BEDS (Approximate 
thickness 80 ft) Irregulaily bedded, massive or 
thickly flaggy, olive-grey to dusky-yellow, caleareous 
siltstones, with occasional calcareous nodules and 
with contorted siltstones at the top Fossils are not 
abundant Many of the brachiopods characteristic of 
the Lemtwardme Beds have disappeared and mol- 
lusca have become important These beds are the 
Lower Whitchffe or Rhynchonella Flags of Elles and 
Slater’ 


NATURE 


1039 


Fossils Camarotoechna [Rhynchonella] nucula (J 
de C Sowerby) (common), Chonetes  striatellus 
(Dalman) (small form commonest), Day navicula 
(J de C Sowerby) (common m certam beds only) , 
F'uchsella [01 thonota] amygdalona (J de C Sowerby) , 
Michelunoceras [07 thoceras] imbricatum (Wahlenberg) , 
Serpulites longissemus J de C Sowerby 

Locahües (a) Roadside exposure (SO 4940 7413) 
just over three-quarters of mile north-east of Mary 
Knoll House (b) Quarry (SO 4973 7247) about 300 
yards east-south-east of Sunnyhil Cottages, with 
Daya navicula fexly common (c) Old quarry at 
western side of Hay Mull (SO 4348 7351) and ex- 
posures in south bank of River Teme east of the mill 
for about one-third of a mile 

(9) Urrer WurronrerE Beps (Approximate thick- 
ness 100 ft ) Well-bedded, flaggy, light olve-grey to 
dusky yellow, calcareous siltstones, with shelly lme- 
stone bands Fauna similar to that of the Lower 
Whitcliffe Beds but brachiopods have become 
abundant These are the Uppe Whitehffe oi 
Chonetes Flags of Elles and Slater? 

Possis Camarotoechia [Rhynchonella] nucula (J 
de C Sowerby) (common),  Chonetes  strratellus 
(Dalman) (common), Dalmanella lunata (J de C 
Sowerby) (common), Beyrichia kloedent McCoy vai 
torosa Jones , Fuchsella [Orthonota] amygdalwa(J deC 
Sowerby), Pteronetella ef retroflexa (Wahlenberg) , 
Muchelanoceras [Orthoceras]  bullatum (J de C 
Sowerby), Serpuletes longissemus J de C Sowerby 

Localiws (a) Whitcliffe (SO 5095 7415) on right 
bank of River Teme at Ludlow (b) Exposures above 
eastern bank of River Teme south-westwards from 
Downton Castle Bridge, for example, at SO 4416 7411 
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EFFECT OF SOME NEUROMUSCULAR BLOCKING AGENTS 
ON MITOCHONDRIAL ENZYME SYSTEMS 


By Dk J H KOCH and Dk C H GALLAGHER 
McMaster Laboratory, CSIR O, Parramatta Road, Glebe, NS W , Australia 


HE pynohzidine alkaloids lasiocaipine and 

hehotrine have been shown! to block impulse 
transmission across neuromuscular junctions These 
alkaloids also mhibit oxidations by pyridine nucleo- 
tide-dependent dehydrogenases of liver mitochondria 
an vero? The same structural locus on the alkaloid 
molecule appears to be responsible for inhibition. of 
impulse transmission and of mitochondrial oxidations 
As the N-oxides of lasiocarpine or helotrıne affect 
neither transmission at neuromuscular junctions nor 
the activity of mitochondrial enzymes, the mhbitory 
locus 18 likely to be the nitrogen atom of the cyclic 
nucleus The neuromuscular blocking action of 
pyrrohzidine alkaloids resembles the activity of 
d-tubocurarine in certain respects d-Tubocurarme 
contains two quaternary nitrogen atoms as the 


inhibitoty centres and ıt was of interest to determine 
whether this alkaloid also inhibited mitochondrial 
enzyme systems For similar reasons the effect on 
mutochondria of di-irw-l 10-phenanthrohne ruth- 
enim (II) perchlorate [Ru(phen)++], a complex 
ion’, was investigated 

Ru(phen)+ has been shown to exert a curare- 
hike effect at the neuromuscular junction‘ This 
cation 18 a co-ordinately saturated metal chelate of 
high chemical stability and does not contain specific 
active groups or centres Any biological activity 
which ıt may have is thus of a physical nature and 
1s referable to the charge 16 carriest5 

In common with lasiocarpine and helotrine, both 
d-tubocurarme and Ru(phen)+ were foufid to 
inhibit om viro the activity of mitochondrial enzyme 
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Table 1 INHIBITION OF L-MALATE OXIDATION AND EFFECT OF CO-FACTORS 
Interval oxygen uptake (ul ) 

Time d-Tubocurarine Ru(phen),** Control d-Tubocurarine Au(phen),t* 
(min ) Control 0 001 M 0 0005 M --co-faotors 0 001 M +co-factors] 0 0005 M --co-factors 

10 45 42 | 45 51 54 57 

Side-arm contents tipped and equilibrated for 10 min 

10 39 27 21 54 48 48 

20 24 9 9 42 36 39 

30 21 6 7 42 27 30 

40 18 0 0 42 30 36 

















System Adenosine monophosphate 0 001 M , magnesium sulphate 0 0067 AL, potassium chloride 0 025 M , cytochrome e 0 00001 M , 
Nak phosphate buffer, pH 7 4,0 0133 M , t-malate 0 01 M , water to 3 ml final volume, mitochondriaequivalentto 100 mgm fresh liver 


adde 


1n 0 25 M sucrose, temperature 38° C 
centre well to absorb carb 


, gas phase air, equilibration period 10 min , 0 1 ml 20 per cent potassium hydroxidem 
on dioxide Inhibitors and water (control flasks) added from side-arms after 10 min incubation Co-factors 


diphosphopyridine nucleotide 0 0005 M and reduced glutathione 0 00067 M added in nicotinamide 0 04 M 


systems which require pyridme nucleotides for elec- 
tron transfer The oxidations of citrate, n-glutamate, 
«-oxoglutarate, L-malate and octanoate, all of which 
are dependent on pyridine nucleotide, are inhibited by 
d-tubocurarme and Ru(phen)++ as well as by lasio- 
carpine and hehotune On the other hand, the 
activity of the succmoxidase system which does not 
1equire a pyridme nucleotide is increased in muito- 
chondria suspended in 0 25 M sucrose by each of the 
agents 

Experimental results are recorded m Table 1 to 
show the concentrations necessary to produce 
inhibition. of n-malate oxidation, the rate of develop- 
ment and degree of inhibition and the significant 
reversal of mhibition obtained by supplementing the 
reaction muxture with diphosphopyridme nucleotide, 
nicotimamide and reduced glutathione 

Clearly these agents mhibit mitochondrial enzyme 
systems by causing the loss or inactivation of pyridine 
nucleotides and, possibly, other respiratory co-factors 
Such an effect could result from increased perme- 
ability of mitochondrial membranes allowing diffusion 
of soluble co-factors from the particles 

Mitochondrial permeability may be assessed spec- 
trophotometrically by measuring at 340 my the rate of 
production of reduced diphosphopyridme nucleotide 
from diphosphopyridine nucleotide added externally 
to intact mitochondria oxidizing a diphosphopyridine 
nucleotide-dependent substrates" The rate of 
reduction of diphosphopyridine nucleotide 18 directly 
proportional to the permeability of the mitochondrial 
membrane to the passage of diphosphopyridine 
nucleotide mto the particle No effect of hehotrme, 
lasiocarpine, d-tubocurarme or  Hu(phen)t* on 
mitochondrial permeability could be demonstrated 
using this system However, ıt was realized that the 
experimental conditions were very different from 
those obtammg in the system used for respiratory 
experiments Mitochondria re-3s0lated from a 
respiratory experiment m which they were subjected 
to 0 001 M d-tubocurarme or 0 0067 M lasiocarpine 
were found to be more permeable to the entry of 
diphosphopyridine nucleotide than mcubated control 
mitochondria More simply, ıt was possible to 
demonstrate an effect of the alkaloids on mutochon- 
drial membrane permeability 1n the following manner 
Mitochondria equivalent to 800 mgm of fresh rat 
liver were suspended in 5 ml of 0 25 M sucrose 
containmg 0 01 M r-maliate and 0 001 M d-tubo- 
curarme or 0 01 M lasiocaipme and placed in an 
meubator at 37° C for 30 min, durmg which time 
the temperature of the ieaction mixture rose to 
32° C The mitochondria were re-isolated by centri- 
fugation after the addition of 35 ml ice-cold 0 26 M 
sucrose and resuspended m 0 25 M sucrose or water 
as required Permeability of the mitochondria was 


then assessed by the spectrophotometric method‘ 
Fig 1 shows that ineubation in the presence of 
lasiocarpine or d-tuboeurarine increases tho perme- 
&bihty of mitochondrial membranes to the passage 
of diphosphopyridme nucleotide The muitial dif- 
ferences in optical density at 340 my of the curves 
in Fig 1 are due to reduction of diphosphopyridine 
nucleotide at different rates during the short time 
between adding the enzyme and takmg the first 
reading Suspension of mutochondrià in water 
instead of 0 25 M sucrose abolishes selective semu- 
permeability of the membranes and also the effect 
of both the alkaloids 

Finally, 1t was possible to show that mitochondrial 
permeability mereases rapidly under the oxidizing 
conditions of respiratory experiments and is present 
at the time oxidative inhibitions by the pyrrolizidine 
alkaloids, d-tubocurarme or Ru(phen)++ are ex- 
pressed The observation was made that each of 
these agents stimulated the oxidation of succmate 


Optical density (340 my) 








Time (min ) 


Fig 1 Reduction of diphosphopyridine nucleotide by liver 
mitochondria in 0 25 M sucrose Mitochondria preincubated 
with (a) L-malate 0 01 M, (b) L-malate 0 01 M + d-tubocura- 
tine 0001 AL, (c) L-malate O 01 Af + lasiocarpine 0 01 M, 
(d) no addition System — NaK phosphate buffer, pH 7 8, 
0033 M, potassium chloride 0 025 M, magnesium sulphate 
00007 M, L-malate 005 M, semicarbazide hydrochloride 
(neutralized) 017 M, diphosphopyridine nucleotide 0 0015 M, 
potassium cyanide 0 0002 M , enzyme, 50 ul 1 per cent mito- 
chondria (rat liver) im 0 26 M sucrose, final volume 3 ml, 
gas phase air, temperature 22° 0 
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Table 2 — EFFEOT OF d-TUBOOURARINE, LASIOOARPINE AND DIPHOS- 
PHOPYRIDINE NUCLEOTIDE (DPN) ON SUOOINATE OXIDATION 











Interval oxygen uptake (u ) 
Time d-Tubo- Laso- 
(man )|Con-| d-Tubo- Lasio- curarine carpine 
trol | curarme | carpe | DPN | 0 001 M | 0 0067 Af 
0 001 AL | 0 0067 M + DPN + DPN 
10 86 64 76 62 21 36 
20 59 65 76 41 18 32 
30 40 50 51 33 14 26 

















System As Table 1 with succinate 0 01 M as substrate and all 
flask contents in mam chamber 


by mitochondria in 0 25 M sucrose This was thought 
possibly to be due to increased permeability of mito- 
chondrial membranes allowing the loss of mito- 
chondrial diphosphopyridine nucleotide and thus 
preventing the production of oxaloacetate which m 
low concentration inhibits sucemie dehydrogenase 
specifically’ The suggestion recerved strong support 
fiom the lack of any effect of lasiocarpine, hehotrme 
or d-tubocurarme on succmate oxidation by ruto- 
chondria in water, which would not be produemg 
oxaloacetate Conclusive evidence was obtamed by 
the addition of diphosphopyridine nucleotide to 
mutochondna oxidizmg succmate m the presence of 
each of the agents Diphosphopyridme nucleotide 
added externally to mtact mitochondria enters the 
particles slowly unless the permeability of muto- 
chondrial membranes is increased Succimate oxida- 
tion by mitochondria m 0 25 M sucrose was slightly 
mhibited by the addition of diphosphopyridine 
nucleotide alone but was rapidly and greatly inhibited 
by the combination of diphosphopyridme nucleotide 
and any one of the agents (Table 2) When mito- 
chondria were suspended in water, diphosphopy1idine 
nucleotide produced maximum inhibition of sucemate 
oxidation alone and lasiocarpme, heliotrine or d-tubo- 
curarme did not affect the rate of oxidation when 
added to systems with or without drphosphopyridine 
nucleotide Sumularly, the addition of 0 0004 M Cat + 
to mitochondria in 0 25 M sucrose stimulates succinate 
oxidation by mereasing mitochondrial permeability 
and facilitates penetration of the particles and 
inhibition by added diphosphopyridine nucleotide 


EFFECT OF DIETARY FAT AND 


NATURE 


1041 


Table 2 shows typical experiments with d-tubocui arme 
and lasiocarpme , similai results were obtained with 
hehotrine and Ru(phen)++ It is clear that each of 
the agents increases the permeability of mitochon- 
drial membranes to the entry of diphosphopyiidine 
nucleotide 

The effect of pyrrolizidme alkaloids, d-tubocurarine 
and Ru(phen);++ on mitochondrial diphospho- 
pyridine nucleotide 1s bemg mvestigated and will be 
reported elsewhere 

It 1s thus shown that these three types of chem- 
ically dissimilar compounds have actions m common 
on neuromuscular junctions and on liver mitochon- 
dria At each site selective sem1-permeable membranes 
are involved We suggest that the mechanism of 
action of the agents may be identical at the neuro- 
muscular junction and on mitochondrial membranes 
and, further, that, as the biological activity of 
Ru(phen);- is due only to the charge carried, the 
activities of pyrrolizidine alkaloids and d-tubo- 
curarme may also be referable to the charge carried 
on the nitrogen atoms 

We wish to thank Dr Price and Dr Culvenor, of 
the Chemical Research Laboratories, for preparing 
the pyrrohzidme alkaloids, and Dr Dwyer, of the 
National University, Canberra, who prepared 
di-tris-l 10-phenanthrolme  1iuthenium (II) per- 
chlorate We acknowledge gratefully the skilled and 
careful technical assistance of Miss FWhint-Gallé and 
Miss Mann 
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EXTENT OF BLOOD SAMPLING 


ON THE LEVEL OF PLASMA CHOLESTEROL IN THE RAT 
By |. COLEMAN* and J M R. BEVERIDGE 


Department of Biochemistry, Queen's University, Kingston, Ontario, Canada 


N the course of an investigation of the effect of 
certain dietary fats on the plasma cholesterol-level 
of the white rat, mcreases ın the level of this substance 
were found which were at first attributed to the effect 
of dietary fat but which, on further study, were found 
to be due to the combmation of this component and 
the frequency and extent of blood sampling 
Male white rats were placed on formula diets 
simular to those used by Beveridge et al! m studies 
on man Fat supphed 28 4 and 58 5 per cent total 
calories, protem, 16 9 per cent Plasma cholesterol 
determinations were made by the method of Sperry 
and Webb* modified to permit duplicate determ- 


* Present address Defence Research Board, Kingston Laboratories, 
Barriefield, Ontario, Canada 


mations on 0 1 ml of rat plasma Blood samples 
were taken by tail section, usmg powdered heparin 
as the tn vitro anticoagulant 

In Table 1 are shown the effects of varying dietary 
fat and blood sampling procedure on plasma chole- 
sterol-levels In experiment 1, groups mamtamed on 
a high and a moderate fat intake were compared with 
those receiving their stock diet of ‘Purma’ fox chow 
Blood samples of 2-3 per cent of total blood volume 
were taken from all groups on alternate days for the 
first 8 days, and weekly thereafter At the end of 
35 days of feeding, the groups recervmg corn oil 
showed a Inghly significant merease m plasma 
cholesterol, while those on fox chow remamed 
unchanged. The group receiving a high fat intake 
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Table 1  XEFPECT OF DIETARY FAT AND EXTENT OF BLOOD SAMPLING ON PLASMA CHOLESTEROL-LEVEL IN THE RAT 
! 
Initial mean 
Exper- Blood 1 Number plasma Duration Final plasma AV group 
ment sampling procedure | Diet of cholesterol of test cholesterol percentage 
No | ammals i(mgm /100 ml )| (days) (mgm /100 ml ) change 
= crn 
1 Blood sample of 2 per cent blood HC 14 805+ 69 35 96 5412 3 +20 5 «0 01 
volume taken on alternate days MC 14 7574 9 8 35 862499 +18 5 «001 
for the first 8 days and weekly | Chow 14 764+ 96 35 766+ 78 +0 3 Non-sig 
thereafter 
2 Blood sample of 0 5-1 0 percent: HC 30 64 8:-12 4 14 64 6412 4 -0 3 Non-sig 
blood volume taken on first and FF 30 76 44 9 1 14 70 2412 4 —6 9 Non-sig 
final days only i 
3 Blood sample of 1-15 per cent HC 20 73 T4111 6 96 6410 7 +311 <0 01 
blood volume taken on alternate ; FF 20 71 8411 7 6 78 8415 7 +98 Non-sig 
days for 6 days 
4 Blood sample of 2 5-4 per cent | HC 15 67 2414 3 6 150 0418 0 +122 4 «001 
blood volume taken on alternate | FF 15 07 7412 8 6 107 7427 2 +59 0 <0 01 
days for 6 days 




















Diets used HC, corn oil, 58 5 per cent cal , MC, corn oil, 28 4 per cent cal , FF, essentially fat-free, Chow, ‘Purma’ fox chow 


demonstrated an merease of 20 5 per cent, while 
those on a moderate intake increased only 13 5 per 
cent during this period, the difference bemg highly 
significant 

This elevation in plasma cholesterol of the groups 
fed corn oil was paralleled by other groups 1eceirving 
formula diets contamung butter, beef dripping, 
coconut oi and corn oil supplemented with chole- 
sterol to equal the concentration present in butter (not 
here reported) In each case the elevation m plasma 
cholesterol was dependent on the concentration at 
which the fat was fed and not upon the nature of the 
fat Because of the consistency of the hyper- 
cholesterolemia with all fats exammed and the 
gradation of response in proportion to the level at 
which the fats were supplied, 1t appeared certain that 
the merease in plasma cholesterol was dependent 
solely upon the presence of dietary fat 

However, repetition of the study in the second 
expeimnent, m which the group fed corn oil was 
compared with the more suitable control group 
consuming fat-free formula rather than fox chow, 
failed to reveal any change m plasma cholesterol after 
14 days The anunals had blood samples of 0 5- 
1 0 per cent of total blood volume removed only at 
the start and conclusion of the test The only 
difference in the conditions of the first two experiments 
that appeared to offer any 1ational basis of explana- 
tion for the apparently divergent results was the 
difference in the extent and frequency of blood 
samphng This was, at first regarded as unlikely, 
since no reports of hemorrhage causing a hpemia m 
the rat similar to that desciibed for the rabbit and 
guinea, pig could be found in the hterature 

However, m experunent 3, a group of rats fed a 
diet supplymg 58 5 per cent of total calories m the 
form of corn oi was compared with a similarly 
matched group on a fat-free diet Both were sub- 
jected to bleeding on alternate days for a period of 
6 days, during which blood samples of 1-1 5 per cent 
of total blood volume were taken The group on the 
high-fat ration showed an increase ın plasma chole- 
sterol of 31 1 per cent during this period, while those 
on the fat-free diet showed no significant change An 
increase in the amount of blood taken to 2 5-4 per 
cent of total blood volume, in experiment 4, produced 
an merease in plasma cholesterol of 122 per cent m 
the animals on the high fat mtake Even animals on 
the fat-free diet showed an increase of 59 per cent 

It wes now apparent that the hypercholesterolemia 
found m experiment 1 could not be attributed to an 


uncomplicated response to dietary fat, but was the 
product of both dietary fat and the degree of haemor- 
rhage to which the animals were subjected Under 
conditions of low bleeding stress, a high fat diet, as 
in] expormnent 2, caused no change in plasma 
cholesterol When bleeding was meieased to l- 
1 5 per cent of total blood volume on alternate days 
foi 6 days (experiment 3), a high corn oil diet pro- 
duced a significant increase ın plasma cholesterol, 
although the animals on a fat-free diet and under 
the same conditions of bleeding showed no change 
Thus the hypercholesterolemua 1s a combined effect 
of diet and hemorrhage When bleeding stress was 
increased to 2 5-4 per cent of blood volume on 
alternate days for 6 days, highly significant mcereases 
m plasma cholesterol resulted m both the high-fat 
and fat-free groups These results, therefore, clearly 
indicate that the hypercholesterolemia due to severe 
hemorrhage does not depend solely on the presence 
of dietary fat although it 1s augmented by the 
latter 

This response of the rat to bleeding stiess and 
dietary fat has not, to our knowledge, been 
previously reported It 15 suggestive of the hpamia 
of hemorrhage obtamed m the rabbit? and gumea 
pig5* There is a difference, however, Spitzer’, on 
mvestigatng the hpsmus produced imn rabbits on a 
high-fat diet, found 1$ necessary to bleed to 10-15 per 
cent of blood volume on successive days to elicit the 
response, and also found that the animal recovered 
in about the same time necessary to induce the 
hyperhpemia The rats were never bled more 
severely than 2 5-4 per cent of blood volume on 
alternate days to produce the hypercholesteroleama 
on high-fat diets, and from experiment 1 there is 
evidence that these elevations m plasma cholesterol 
are maintained for periods of time as long as 5 weeks 
after the period of severe bleeding 

Although no substantiated explanation of this 
phenomenon can be advanced at the present time, 
we wish to bring ıt to the attention of other workers 
1n this field as a possible explanation of some of the 
conflicting reports on the effect of dietary fat on the 
plasma cholesterol-level of the rat 


* Beveridge, J MR, Connell, W F, and Mayer, G A, Can J 
Buchem and Physiol , 34, 441 (1996) 
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NONH/EM IRON IN ERYTHROCYTES AS A PRECURSOR FOR 
H/EMOGLOBIN 


By Dr. M FABER and Dr | FALBE-HANSEN 


Finsenlaboratoriet, Finseninstitutet og Radiumstationen, Kebenhavn 


EE existence of nonhsem non m erythrocytes 
fiom peiipheral blood has long been a matter of 
dispute The presence of non receptors has been 
suggested by Walsh et ai! and Jandl et al? have 
shown in experiments with radioactive iron that 
reticulocytes take up non e vw:0 and that this iron 
is bound to the stroma and meorporated into hem 
Recently, Bernard ef al? and Lambrechts and 
Thimus‘ have found nonhem won fairly constantly in 
erythrocytes from normal and pathological human 
blood as the difference between total non and hæmo- 
globin iron. The presence of nonhæm iron in the 
stroma of immature red cells m bone marrow has 
been demonstrated by electronmicroscopy® * 

The purpose of the present work has been to 
verify the existence of nonhem iron in the stroma of 
normal, mature red cells and demonstrate its sig- 
nificance in hemoglobin synthesis by means of «m 
vwo experiments with radioactive iron 

A modification of the method of successive hzemo- 
lysis used by Hiulher and Hoffman’ foi preparation 
of hemoglobin-free red cell ‘ghosts’ for election- 
mueroseopy was chosen The ghosts appeared greyish- 
white, and no hemoglobin could be demonstrated 
speetrophotometiically , but there was still a fami 
positive benzidme 1eaction 

Estimations of stroma won were carried out on 
blood samples taken for ten successive days fiom a 
patient with iecently diagnosed genume hemo- 
chromatosis The disease was mild, and the patient 
may be regarded as hematologically normal The 
iron contents of ghosts prepared from 16 ml of 
packed red cells ranged from 4ly to 125y with an 
average of 76y A few determmations on ghosts 


gal 


epmjmgm Fe 











Days 


Fig 1 Incorporation of iron-59 1n hemoglobin and stroma iron 
ina patient with genuine hemochromatosis O— ©, hemoglobin 
Iron, Q---O, nonhem iron 


from normal humans and rabbits gave values within 
the above-mentioned limits 

In orde: to estimate the significance of this stroma 
non in hemoglobin synthesis this patient was given 
8 5 uc iron-59 intravenously Blood samples were 
taken daily, and after determmation of the amount 
of stroma iron, this was electroplated on copper disks 
and the B-.adicactivity measured by a Geigei-Mulle: 
tube As will be seen from Fig 1, the specific act- 
ivity of the stroma non was higher than that of 
the hemoglobm iron on the first day after adminis- 
tration of mon-59, but lower on the followmg days, 
quickly reaching constant values of about one-third 
of the specific activity of hemoglobm won — Owing 
to the very low counting rate on the first day tt was 
deemed necessary to explore this early phase further 

Four female rabbits of the same age and weight 
were injected mtravenously with about 10 ue iron-59 
each The animals were killed after 1, 2, 5 and 22 hr, 
respectively, and a sufficient amount of blood to 
provide 16 ml of packed erythrocytes was obtained 
fiom each animal Stroma iron and radioactivity was 
deteimmed as previously The results appear in 








Table 1 
Table 1 
Hours Stromaironin | Specific activity | Specific activity 
after y per 16 ml of stroma iron of hemoglobin 

injection packed (c p m /mgm iron (c p m /mgm 

of iron-50 erythrocytes iron) iron) 

1 84 550 370 

2 98 13,540 3,780 

5 75 2,020 5,750 

22 80 2,060 9,190 





There 1s à very igh rate of mcorporation in the 
stioma iron of the erythrocytes released durmg the 
fast hows, but already after 5 hr the specrfic activity 
of hemoglobin is higher than that of stroma ion 
These findings strongly support the view that stroma 
won acts às an intermediate between transport mon 
of plasma and hemoglobin 

That ths transfer mechansm may be blocked 
artificially appears from the results of Bénard ef al § 
and Jandl e£ al ?, who show by means of non-59 that 
there 1s practically no synthesis of hem om vitro in 
blood conteinmg lead ions That a similar blocking 
may be an important factor in certam anemuas 18 
seen from an experiment performed on a patient 
with severe anemia, characterized, after splenectomy, 
by a considerable amount of siderocytes m the peri- 
pheral blood. The anwmia was probably of the type 
described by Dacie et al? This patient was given 
14 3 ue iron-59 intravenously and a week later the 
specific activities of stroma mon and hemoglobin iron 
were estimated ^ Despite the considerable period of 
tme which had elapsed since the admimustrattion of 
iron-59 the specific activity of stioma iron was more 
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than four times higher than that of hemoglobin iron, 
the specific activities being 1,660 c p m /mgm iron and 
360 cpm /mgm ron, respectively This strongly 
supports the view that blockmg of the transport 
system of mon in the stroma of red blood cells may 
play an mmportant part m this anzmua 

The chemical nature of the stroma iron is still 
unknown, but experrments which are in progress m 
this laboratory dicate that ıt may at least m part, 
consist of ferritin 
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EXTREME SENSITIVITY OF GERMINATION AND PHOTOPERIODIC 
REACTION IN THE GENUS CHENOPODIUM 
(TOURN.) L. 


By Dr. BRUCE G. CUMMING 


Plant Research Institute, Central Experimental Farm, Ottawa 


LANTS of Baer chrysostoma! and Pharbitis nil? 

are known to respond to photoperiod at a very 
early stage m growth | Chenopodwum rubrum L 1s 
particularly valuable as an experimental plant since 
floral mutaation can occur very rapidly when seed is 
germunated under 8-hr short days in Petri dishes? 
in addition, one photo-inductive short day may 
initiate floral formation (as shown in Xanthum 
pennsylvanicum’ and Pharbites ml), while, im 
germunation, there are red/mfra-red and red/blue 
reversal effects (as shown in lettuco**) Further- 
more, there 1s marked sensitivity to temperature in 
germination. 

Detailed comparisons of flowermg have been made 
between selections of four species of Chenopodvum 
(a) C rubrum L , (b) C salnum, Standley (syn C 
glaucum var salnum (Standley) Borvm), (c) C 
glaucum L (syn C glaucum L var glaucum Aellen), 
(d) C album L Under 8-hx short days, with alter- 
nating temperatures of 15° C for 16 hi m darkness 
and 25° C for 8 hi in light of 1200 foot-candles 
(fluorescent combined with meandescent), that 18, 
15-25? C, the least number of days fiom seed im- 
bibrtion. (on moistened filter paper m Petri dishes) to 
visible floral formation, has been, ın species (a) 6, 
(b) 12, (c) 20, (d) 36 The corresponding mmimum 
tiue leaf numbers were in species (a) 2, (b) 2, (c) 2-4, 
(d) 4 Alternating temperatures of 15-25? © to 
20-30° C are optimal for floral imrtiation in these 
species Floral mrtiation may occur under intensities 
as low as 150 foot-candles (fluorescent combmed with 
incandescent), although less rapidly Fig la illus- 
trates 100 plants of C rubrum 17 days after ım- 
bibition under 8-hr short days, with hght of 250 
foot-candles (fluorescent), alternatmg temperature 
15-26? C , 90 per cent of the plants showed floral 
formation Fig 1b illustrates one of these plants 
when 21 days old, the two true leaves and four 
perianth members were very rudimentary, there 
were no stamens but the ovary produced a single 
viable seed after cross-pollination 

Nutrients markedly influence the amount of 
growth and floral formation, but the response 18 
different between species For example, under 8-hr 


short days with hght of 1,200 foot-candles (fluorescent 
combined with incandescent) and alternating tem- 
perature of 23-28? C , the mmimum true leaf numbers 
of plants grown in Petri dishes, with water as com- 
pared with Hoagland's solution, were, in species (a) 2 
versus 2, (b) 2 versus 4, (c) 2-4 versus 4-6, (d) 4 
versus 9-10, respectively Soil gave results simula 
to Hoagland’s solution with an even gneater leaf 
number occurring in C album The amount of floral 
formation was also proportionately much greater 
when nutrients were supplied, and stamen formation 
occuried even on some plants of C rubrum (Fig lc) 
These results provide further evidence that the con- 
cept of mimmum leaf number must be treated with 
circumspection? 

Wide differences in photoperiodic sensitivity be- 
tween these species are shown under 20-hr long days 
or contimuous light, when plants are grown in sou 
C album and C glaucum will flower, although less 
rapidly than unde: short days In contiast, C 
rubrum, under 20-hr long days, at a temperature of 
approximately 24° C, has remained vegetative 
indefinitely (that ıs, at least 200 days, Fig 1d) 
With increased age C rubrum becomes increasingly 
sensitive to photoperiod and one photo-induetive 
cycle, that is, one 16-hr dark period following an 
8-hr hght period, may mitate floral formation— 


Table 1 PER CENT GERMINATION OF (a) C rubrum, (b) © salnum, 

(c) © glaucum, (d) C album, IN DARKNESS AND UNDER 8-HR SHORT 

DAYS WITH CONSTANT AND ALTERNATING TEMPERATURES, 10 DAYS 
AFTER IMBIBITION 

















Tempera- Darkness 8-hr short days 

ture (a) (6) (c) (à) (a) (b) (c) (d) 
i crum 
? 15 0 93 0 95 40 93 13 
30° 0 5 9 90 13 65 80 100 83 
25° C 0 15 93 78 25 75 90 83 
20° © 5 0 43 88 5 40 80 70 
16°C 0 o 48 70 0 15 80 90 
10°C 0 0 10 15 0 0 23 70 
Alternating 

25-35° © 25 18 93 40 100 60 98 70 
20-30? C 85 50 90 85 100 90 98 88 
15-25? C 95 15 95 68 100 75 76 80 
10-20? C | 100 0 90 93 100 80 98 80 











October 3, 1959 


No. 4692 


Fig. 1 C. rubrum L. a, 100 plants 17 days old, 0:8 cm 
9 cem 2 em, Petri dish ; 8-hr. short days, 250 ft.-« 
25*€. b,Flowering plant 21 days old, from a; original pericarp and testa 0-6 mm. diam 


still attached to cotyledon. vc, 

solution, 8-hr. short day, 1,200 ft.-c. 

original testa 0:6 mm, diam, d, Vegetative plant 200 days old 
1 m. rule) 


especially if the prevailing light intensity is 2,000 
foot-candles or more. With one photo-inductive 
cycle, depending on age and treatment, floral forma- 
tion may be imperfect or delayed 6-8 weeks. Floral 
formation is increased in rate and amount with 
increase in the number of photo-inductive cycles and, 
under favourable conditions, it may be visible 
microscopically in 3-4 days and macroscopically in 
6-7 days. 

C. salinum appears to be intermediate between C 
glaucum and C. rubrum in sensitivity to photoperiod 
and, while have flowered within 
about 120 days, under 20-hr. long days, others 
have remained vegetative indefinitely (that is, at 
least 200 days). Induction of floral formation in C 
salinum can be accomplished with one photo-inductive 
eycle—at an earlier stage of growth than in C. rubrum. 

When sensitivity is evaluated by the amount of 
germination under different light qualities, energies, 
time sequences and temperatures, the species are 
listed in 


some selections 








again order of sensitivity as (a) (h) 
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tall, 90 per cent flowering iu 
(fluor.), alternating temperature 15- 
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(c) > (d). Table 1 summarizes the 
percentage germination of non- 
dormant seed under constant and 
alternating temperatures, in dark- 
ness às compared with 8-hr. short 
days (250 foot-candles—fluores- 
cent). In continuous light, germ- 
ination was similar to that under 
8-hr. short days. Germination of C. 
rubrum was negligible in darkness 


at constant temperatures < 35° C. 
and under 8-hr. short days at con- 
stant temperatures < 25°C. The 
lower alternating temperatures com- 
pletely substituted for the light 
requirement in C. rubrum but not 


in C. salinum. Seeds of C. rubrum 
and C. salinum when exposed for 
l min. to white light of 50 foot- 
candles (fluorescent) 10 days after 
imbibition in darkness, germinated 
equally as well as under 8-hr. short 
days. In darkness at a constant 
temperature of 25°C., transfer of 
seeds to 10° C. for one 8-hr. period, 
10 days after imbibition, initiated 
100 per cent germination of C. 
rubrum and 50 per cent of C. 
salinum. 

In species (a)-(d) germination can 
be promoted by white or red and 
inhibited by blue or infra-red 
radiation. In C. rubrum—the most 
sensitive species at a constant tem- 
perature of 35° C., using appropriate 
filters and fluorescent combined 
with incandescent white light (1,200 
foot-candles), 1 min. of white or 
red light supplied 8 hr. after im- 
bibition may initiate 100 per cent 
germination, while 1 min of blue or 
infra-red radiation may completely 
inhibit germination ; red/infra-red 
and red/blue reversal effects are 
similar to those reported for let- 
tuce®.®, 


Stamens and ovaries on plant grown with Hoagland's 
fluor./incand.), alternating temperature 
20-hr 


( These and other unpublished re- 
: sults that will be reported elsewhere 
indicate that the genus Cheno- 
podium offers valuable and diverse 
material for experimental study. There is 
evidence to support the postulation that *weediness' 
of these species may be positively correlated with the 
amount of phenotypic ‘plasticity’ and with absence of 
sensitivity in germination and photoperiodic response. 
In order of distribution Canada the 
would be evaluated album C 
glaucum C. salinum > C. rubrum. 

I am indebted to Dr. H. A. Senn, director of the 
Plant Research Institute, for the availability of 
extensive controlled environmental facilities, and to 
Dr. T. F. Cuddy, of the Plant Products Division, for 
the use of precisely controlled germination cabinets. 
! Sivori, E., and Went, F. W., Bot. Gaz., 105, 321 (1944). 


Imamura, S., Proc. Japan Acad., 99, 368 (1953). Kujirai, C., and 
Imamura, S., Bot. Mag. (Tokyo), 71, 408 (1958). 
? Cumming, B. G., Proc. Ninth Int. Bot, Congr., 2 (Abstr.), 83 
trea] (1959) 
t Hamner, K. C., and Bonner, J., Bot. Gaz., 100, 388 (1938) 
jorthwick, H. , Hendricks, S. B., Parker, M. W., Toole, E. H. 
and Toole, V., Proc. U.S at. Acad. Sci., 38, 602 (195: 
* Wareing, P. F., and Black, M., Nature, 181, 1420 (1958). 
* Holdsworth, M., J. Exp. Bot., 7, 395 (1956) 
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REDOX POTENTIALS IN SOYBEAN NODULES DURING TH 


-wo 
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VEGETATIVE PERIOD z" 


- By Dr. HELENA EBERTOVÁ 


Research Institute for Plant Production, Prague, Czechoslovakia 


if | ‘HE attention of research workers is becoming 


more and more concentrated upon biochemical 
oxidation-reduction processes taking place during the 
fixation of molecular nitrogen. Rabotnova' established 
that redox potentials of leguminous root nodules are 
comparatively low, the rH-value being about 17-19. 
Fedorov?*, in his theory of nitrogen-fixation, also 
emphasizes the active role taken by various enzymatic 
systems under low rH-values. In connexion with 
these findings studies on the respiratory systems of 
rhizobia, nodules and leguminous plants require 
special attention. Bergersen? found no substantial 
differences between the respiratory activity of culti- 
vated rhizobia and bacteroides from nodules during 
their development. Allison, Ludwig, Minor and 
Hoover‘ carried out respiration tests with nodules 
and leguminous plant roots and concluded that 
rhizobia in nodules are relatively inactive as regards 
respiration and carbohydrate consumption. The 
value of redox potential in nodules also represents 
an important condition for the activity of hydro- 
genase, which is regarded as having an essential part 
to play in the fixation of nitrogen. The role of 
hydrogenase in the fixation processes has been 
investigated by many authors, for example, Wilson, 
Burris and Coffee’ and recently Hamilton, Shug and 
Wilson‘. 


rH 
4 
2 3 “9 67 E 40) days 
Fig. 1. rH values in soybeans: O—O, stems; @—®, roots; 
4S—A, nodules. Standard deviation, I; abscissa, number of 
days after sowing 


In the present work the course of the redox poten- 
tial and pH-value in stems, roots and nodules has 
been followed during the whole period of vegetation 
and related to the increase in the number and size of 
nodules. Both redox potential and pH-value have 
been measured in three replicate plants with platinum 
and antimony micro-electrodes respectively, thrust 
directly into the plant organs. On each plant one 
nodule was chosen for the measurements. A saturated 
calomel half-cell was used for reference: the tests 
were carried out in the air. For greater simplicity 
in preparing graphs and easier comparison with 
other authors’ results, the redox potential values 


> 


are expressed by means of an rH scale (Fig. 1). As 
Hewitt? reports reasons against using the term rH in 
biological systems such as these, the ranges of 
measured Æ} and pH values are also quoted in the text. 

The results of the rH field-tests measured in plants 
dug up at convenient intervals are presented in Fig. 1. 
In the greenhouse similar results have been obtained 
with plants grown in sand with mineral nutrients 
containing 1/20 of nitrogen ratio. At suitable intervals 
the plants of single pots (3 plants per pot) were taken 
for potential measurements and estimation of 
nodulation and total nitrogen in plant material by the 
Kjeldahl method. Then the nitrogen fixation ratio 
in the glasshouse experiment could be calculated. 
Decrease of potential was observed in nodules of the 
same age as those in the field experiment. 

Fig. 2 shows the numbers and sizes of nodules in 
the field-experiment during the whole period of 
vegetation. Until the ripening of the plants, new pink 
nodules originated constantly under field, as well as 
under greenhouse, conditions. Their rH values were 
about 10 and their ability to fix nitrogen was high, 
as was proved by estimation of total fixed nitrogen 
content in each pot in the glasshouse and by the 
concentration of total nitrogen in single plant organs 
in the field. Nitrogen fixation and nitrogen content 
are given in Fig. 3. Differently coloured nodules in 
various of development and with rH values 
differing by up to 13 units have been simultaneously 
found in the root system of one and the same plant, 
even on the roots of plants 103 days old. Thus, if the 
curve of rH values had to represent the actual course 
of the redox potential during the life of the nodule, 
it was always necessary to pick out for measurement 
only the oldest nodules in the root system of experi- 
mental plants. In the soybean root system in all our 
experiments nodule formation began very early, and 
always on the upper part of the main root. These 
first nodules grew very quickly and reached about 
ł in. diameter and their content became pink during 





45 24 28 


Fig. 2. Formation and growth of nodules. A O—O, volume 

of nodules on one plant (c.c.); B, k number of nodules on 

one plant; C, A—A, average volume of one nodule (uL); D, 

A-—A, percentage of nodulation. Abscissa, number of days 
after sowing 





days 


No 4692 


October 3, 1959 


40 


05 








& ae 


Fig 3 Nitrogen fixation and nitrogen content in plants $ 

O—O, percentage of total nitrogen in leaves of the field planta 

inoeulated, A-A, controls, B, @—®@, nitrogen (gm ) fixed per 
potin glasshouse Abscissa, number of days after sowmg 


452 2835 G 6 430 days 


the maxunum decrease of potential, whereas other 
nodules scattered throughout the root system 
appeared and reached ther largest size much later 
The oldest nodules for the measurements could there- 
fore be easily picked out according to their location, 
size, colour and also their consistence 

The tissue of the nodules differed from that of 
other parts of the plants not only m regard to its 
redox potential but also in pH value Durmg the 
period of low redox potential (about —200 mV ), the 
pH of the pink nodules varied between 7 2 and 8 7, 
whereas m the roots and stems ıb was 5 9-6 9 
(potentials about + 350 mV) No differences were 
found between Ej and pH values measured in roots 
and stems of moculated and control plants 

These results are evidence that the nodules on 
legummous plants with quickly growing root systems 
originate on secondarily thickened parts of roots 
without root haws and without primary cortex 
The appearance of new active nodules is nob 
limited by the advancing age of the host plant, 
almost up to the ripenmg of the fruits Dif- 
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ferent values of redox potentials simultaneously 
measured m nodules of a single plant are in accor- 
dance with this observation The rH values reflect 
only the physiological state and age of nodules 
irrespectrve to a large degree of the age of the host 
When comparmg the results plotted in Figs 1 and 3, 
we can see that a considerable fall of potential in the 
first nodules comeides with the begmning of nitrogen 
fixation observed in greenhouse and field-tests The 
differences m size and colour between the control and 
inoculated plants m the field were observed to run 
parallel with nitrogen content m leaves also from the 
seventh week after sowmg 

A further interesting result 1s that the redox poten- 
taal 1s, to a large degree, not conditioned by the size 
of the nodules The size of nodules picked out for 
potential measurements in carrying out the field-tests 
was about 200 ul and remained unchanged from 
the begining of fixation until the plants rrpened , the 
observations ın the greenhouse were made on nodules 
of about a fifth that size, but with similar results as 
regards absolute values and development with time 

Very low values of potentials in nodules fixing 
atmospheric nitrogen are not opposed to the hypo- 
thesis that reduction of molecular nitrogen m nodules 
by hydrogen 1s catalysed by hydrogenases The large 
differences between rH values m various soybean 
organs and in nodules is evidence of specific bio- 
chemical processes taking place in the nodules during 
the fixation of nitrogen and show that nodules cannot 
be regarded as ordinary organs of the plant, as might 
be deduced from the experiments on rates of respira- 
tion of nodules* 


1 Rabotnova, I L , Microbiology (Russ ), 5, 217 (1936) 
3 Fedorov, ai V ,"BiologiealFixationof Air Nitrogen" (Russ ) (Moscow, 


3 Bergersen, F J.J Gen Ahiwrobwl , 19, 312 (1958) 

3 Alison, E E , Ludwig, C A, Minor, F W „and Hoover, S R , Bot 
Gaz , 101, 534 (1910) 

* Wilson, P W , Burris, R H , and Coffee, W B,J Bwl Chem, 
147, 475 (1043) 

* Hamilton, P B,Shug, A L , and Wilson, P W , Proc US Nat 
Acad Ser , 48, 297 (1957) 

‘Hewitt, L F , “Oxidation-Reduction Potentials in Bacteriology and 
Biochemistry” (Livingstone, Edinburgh, 1950) 


PHOTOREACTIVE PIGMENTS IN FLAGELLATES 


Chromoprotein Pigments of Some 
Cryptomonad Flagellates 


By Da. MARY BELLE ALLEN, Dr. ELLSWORTH C. 
DOUGHERTY, and Da JOHN J A 
McLAUGHLIN 


Laboratory of Comparative Biology, Katser Foundation 

Research Institute, S [4th St and Cutting Blvd , Richmond, 

California, and Haskins Laboratories, 305 East 43rd St, 
New York City 


pe cryptomonad flagellates are a little-known 
group of organisms comprismg both pigmented 
and apochlorotic forms The pigmented forms are 
usually blue-green, brown, purple or red in colour 
and are capable of photosynthesis Until very 
recently, nothmg was known of the pigments 
responsible for these colorations—the only nforma- 
tion on record before the present worki? bemg a 
personal commumeation from Haxo and Wolken to 
Provasoli?, that Rhodomonas lens, a red cryptomonad, 


contains a phycobilm-like pigment The present 
communication describes water-soluble chromo- 
protem pigments from two blue-green cryptomonads, 
Chroomonas sp and Hemiselmas virescens, and a 
brown representative, Cryptomonas ovata var palustris 

Chroomonas sp, kindly supphed by Prof E G 
Pringsheim, was exammed in 1953 This organism 
could only be grown m soi-water medium and was 
not avaiable in sufficient quantity for more than the 
measurement of the absorption spectra of whole cells 
and crude extracts 

More extensive measurements have been made on 
the pigments of two other eryptomonads Hem- 
selmas virescens, obtamed from Dr Michael Droop, 
was grown on the synthetic medium ‘DC’ (ref 4) 
Dense growth was obtained using light intensities of 
1,000—1,500 lux at a temperature of 18° C Cultures 
were grown for twenty days in 5-litre Fernbach 
flasks containmg 1 51 of medium Optical denfities 
of 2 5 were obtamed by aerating the cultures 
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Fig 1 (a) Absorption spectra of cell suspensions of Hemeselmis 
verescens (top) and Chroomonas sp (bottom) (b) Absorption 
spectrum of cell suspension of Cryptomonas ovata 


Cryptomonas ovata var palustris was obtained from 
Dr Richard C Starr and grown on the proteose 
peptone medium recommended by him’ The hght 
intensity durmg growth was approximately 800 lux, 
provided by a screened bank of white fluorescent 
hghts C ovata, hke the other cryptomonads investi- 
gated, did not grow m strong light The temperature 
was 23-28° O C ovata multiplied very slowly under 
these conditions , from four to six weeks was required 
to obtain a dense culture 

For extraction of the pigments, cells were centri- 
fuged from the culture medium and washed, and the 
packed cell mass frozen and thawed, or allowed to 
stand a few hours in the refrigerator at 5° C m the 
presence of a few drops of toluene Ether treatment 
resulted 1n the extraction of water-soluble pigments 
from the cells The cell debris was separated from 
the extracted pigments by centrifugation at 25,0009 

Absorption spectra of cell suspensions were 
measured in a Cary recording spectrophotometer, 
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using the opal glass technique of Shibata e al * to 
overcome the effects of scattermg Absorption 
spectra of the extracted pigments were measured 
with a Beckman DU spectrophotometer 

Attempts at chromatographing’ the pigments were 
made according to the procedure desecibed by 
Swingle and Tiselms? and Haxo et al * 

Absorption spectra of'suspensions of intact cells of 
Chroomonas sp , H verescens and O ovata are shown 
m Figs la and 16 The absorption spectra, of Hemi- 
selms and Chroomonas are different from those of 
any organisms previously studied, whereas the 
spectrum of C ovata resembles that of a blue-green 
alga contammg phycoerythrm 

Disruption of H virescens releases a blue pigment 
with a deep red fluorescence ‘The absorption spec- 
trum. of this pigment 1s shown m Fig 2 This three- 
peaked absorption curve, with maxima at 645, 620— 
625 and 580 my, 1s different from that of any algal 
ehromoprotem previously reported ^ Attempts at 
resolving the pigment mto components by chromato- 
graphy have led to loss of most of the pigment on 
the column ‘The portion recovered had the same 
absorption spectrum as the orgmal material. 
Attempts at separation mto sub-units by fractional 
precipitation with ammonium sulphate have been 
equally unsuccessful The blue pigment from Hema- 
selmas 1s thermolsbile, non-dialysable, and precip- 
itated by acetone or ammonium sulphate The few 
measurements which could be made on Chroomonas 
suggest that its blue pigment is smmuar to that of 
Hemaselmas 

On disruption of the cells, & red pigment with 
orange fluorescence 1s released from C ovata The 
absorption spectrum of this pigment is shown m 
Fig 3 The peak at 565 mu is remuniseent of 
C-phycoerythrm’, but the shape of the curve is 
different, fallmg less sharply on the long-wave- 
length side than does C-phycoerythrin, and having a 
shoulder at 600 my Like the blue pigment from 
Hemiselmis, the red pigment of Cryptomonas 1s 
thermolabile, non-dialysable, and precipitated by 
acetone and ammonium sulphate at high concen- 
trations Attempts at purification by chromato- 
graphy on calcium phosphate gel led to decomposition 
of the pigment Chromatography on ealerum carb- 
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Fig 2 Absorption spectrum of blue pigment from Hemselmes 
virescens 
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Fig 3 Absorption spectrum ae pigment from Cryptomonas 
ov 


onate was also tried, but the pigment passed 
though the column without bemg absorbed 

The spectroscopic and other properties of the red 
and blue eryptomonad pigments are consistent with 
the conclusion that they are bilichromoproteins 
Similar to, but not identical with, those found in the 
ied and blue-green algae This conclusion is sup- 
ported by some prehmmary observation on tho 
products resulting from hydrolysis of the proteins 
with hydrochloric acid as described by Ó hEocha® 
Some differences from the phycobilins of the red and 
blue-green algae must be noted, however The 
cryptomonad pigments are more labile unde 
chromatography than phycobilins previously known , 
they require very high concentrations of ammonium 
sulphate to precipitate them, and they are quite 
resistant to hydrolysis by hydrochloric acid Studies 
by Haxo and Fork and by Ó hEocha and Raftery? 
have shown spectroscopically different chromo- 
protem pigments in other eryptomonads For 
example, Rhodomonas lens contains a red pigment 
resembling C-phycoerythrin, whereas another strain 
of H wwescens yields a phycocyanm with only two 
absorption peaks 

The possession of phycobilin pigments by members 
of the Cryptophyceae suggests a phylogenetic 
relationship among the cyanophytes, rhodophytes 
and eryptomonads, all of which possess these pig- 
ments It 1s possible that the ability to form large 
quantities of phycobilms arose more than once m 
evolutionary history, since by present evidence 
phycobilims are by-products of the biosynthetic 
pathway leadmg to the chlorophylls!? However, in 
the absence of any evidence for a polyphyletic origin 
of these pigments, an attractive hypothesis is that 
the cryptomonads are the most archaic group of 
metaprotists, the survivors of the first orgarusms to 
make the transition from the mesoprotistan (red 
algal) level to the metaprotistan (flagellate) level, 
that 1s, from eukaryous organisms without vibratile 
organelles to those possessing pecilokonts (‘true 
flagella") (Cf earher papers" for discussion of these 
distinctions among the Protista ) 

Woe wish to thank the National Science Foundation 
of the United States for support, and Prof M Calvin 
and Dr O Holm-Hansen for the use of the Cary 
recording spectrophotometer 


1 Dougherty, E C and Allen, M B,Proe Fifteenth Int Cong Zool, 
Sect IY, paper 33 (1958) Allen, M. B, Proc Fourth Int Cong 
Biochem ,paper10-27(1958) © hEocha,C , and Ó Reachtaire, M. , 
und , paper 11-55 

2 See succeeding communications Haxo, F T, and Fork, D C 

hEocha, C , and Raftery, M 
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` Provasoh,L , Boll Zool Agrar Bachwull , 22, 143 (1956 11057]) 


“Provasoh, L , McLaughlin, J J A „and Droop, M R » Arch Mikro- 
bool , 25, 392 11956) 


ê Starr, R C , Lloydia, 19, 129 (1958) 


* Shibata, K , Benson, A A , and Calvin, M , Biochim. Bioph cla, 
15, 461 (1954) eae 


7 Swingle, 8 x and Tiselius, A , Biochem J , 48, 171 (1951) 
* Haxo, F 

Hi ae "ios (ibo) o C „and Norris, P , Arch Biochem Biophys , 
* Ó hEocha, C , Arch Biochem Biophys , 78, 207 (1958) 
+ Granick, S ,“Arn Rev Plant Physiol ", 2, 115 (1951) 
n Dougherty, E C , Systematw Zool , 4,145 (1955) Dougherty, E C $ 

Gordon, H T ,and Allen, M B, Exp Cell Res , 1d, 171 (1957) 

Dougherty, E C , and Allen, M B , Ezperwnha, 14, 78 (1958) 


Phycoerythrins and Phycocyanins of 
Cryptomonads 


By Dk C OnEOCHA and M RAFTERY 


Chemistry Department, University College, Galway, lreland 


THE algal bilrprotems, phycoerythrins and phyco- 
cyanins are found in the Rhodophyta and Cyano- 
phyta! Mrs B T Hepper (personal communication, 
1954) noted the similarity between the absorption 
spectrum of an aqueous extract of the marne 
cryptomonad Hemaselmas rufescens Parke? and that 
of C-phycoerythrm, characteristic of the Cyanophyta 
At her suggestion, we have exammed this pigment 
in greater detail and extended the study to a number 
of other marme cryptomonads kindly provided by 
Dr Mary Parke, of the Marme Biological Association 
Laboratory, Plymouth 

Wolken and Haxo in a personal communication 
to Provasoh? noted that the red pigment of the 
eryptomonad Rhodomonas lens Pascher and Ruttner 
had similar hght-absorption characteristics to phyco- 
erythrin 

All the properties of the water-soluble pigments 
which we have studied indicate that they may be 
classified as phycoerythrins and phycocyanins Four 
of the six species examined contained phycoerythrin 
only, one appeared to contam a small amount of 
phycocyanin m addition to phycoerythrin and one 
gave phycocyanm only The latter differed in 
absorption spectrum from any phycocyanm pre- 
viously reported 

The cryptomonads were grown in ‘Erd Schreiber 
medium‘ in either 250-cc Erlenmeyer or 1-htre 
conical culture flasks m weak white fluorescent hght 
at room temperature 

The algae were harvested by centrifugation of the 
cultures at about 10,000 rpm and extracted with 
distilled water m the cold after grinding with pul- 
verized glass The extracts were centrifuged and 
clarified by passage through ‘Supercel’ filter aid 
When sufficient material was available the biliproteins 
were purified by adsorption chromatography on tri- 
ealerum phosphate—‘Supercel’5.é 

The pigments were washed off the columns with 
phosphate buffer (c 0 025 M), pH 6 4, to which 
salme had been added to promote desorption The 
yield after chromatography was spectrophotometnic- 
ally estimated at 40-60 per cent, the cryptomonad 
pigments are less stable than R-phycoerythrin, which 
gave about 75 per cent yield* The phycoerythrin of 
H rufescens was also purified by chromatography on 
‘Amberlite LEC-50' resin and eluted with phosphate 
buffer (0 6-10 M, pH 7 2) 

The phycobilm chromophores of the biliprotems 
were prepared by concentrated hydrochloric acid 
hydrolysis for 20-30 mın at room temperature’ 
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Absorption spectra were deteimuned with a 
‘Unicam’ S P 500 spectrophotometer 

Table 1 grves the absorption maxima of the total 
aqueous extracts, the chromatographically homo- 
geneous phycoerythrins and phycocyanins, and their 
phycobilm chromophores The spectial and chromato- 
graphic evidence indicates that, with one exception, 
each of the algae examined contains only one bih- 
protem That Senma sp contams a small amount of 
phycocyanm, m addition to phycoerythrin, 1s 
indicated by the slight peak at 620-630 mp , sufficient 
material was not available for chromatographic 
analysis 




















Table1  SPEOTRAL CHARACTERISTICS OF CRYPTOMONAD DILIPROTEINS 
Absorption maxima in the visible specthum 
(mp) 
Alga and Chromato- 
Plymouth graphically 
reference Total homogeneous Phycobilin 
aqueous pigment (in acid 
extract (in buffer, chloroform) 
pH 6 4) 
Hemiselmis 
rufescens (“D”) 555 556 576 
Cryptomonas sp 
(No 23) 550 545 576 
Rhodomonas sp 
(No 29) 550 545 576 
Cryptochrysis 8p 
(No 14 555 554 — 
Senmu sp (No 9)| 545 620-6380 — — 
Hemiwelmis 
vurescens (?) 
(No 157) 588 615 588 615 — 











Phycoerythrin The visible absorption spectrum of 
chromatographically purified phycoerythrm from 
Hemiselmas rufescens (Fig 1) does not differ appreci- 
ably from that of the total extract The absorption 
curves of the orange-fluorescing phycoerythrins from 
othe: species were similar m shape but the maxima 
lay at somewhat different wave-lengths (545 and 
554 mp) However, the same phycobilin chromophore 
appears to be present in all the cryptomonad phyco- 
erythrms hydrolysed (Fig 1, Table 1), both the fiee 
phycobilin and its zinc-complex have the same 
spectral properties as those obtained from R-, C- and 
B-phycoerythrins’, with the exception of the 640 mu 
peak of the zmc-complex, which may be due to an 
artefact 
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Fig 1 Absorption spectra A  Phycoerythrin from Hemiselmis 
rufescens (1n 0 025 M phosphate buffer, pH 64) B Phycobilin 


chromophore of A (1n acid chloroform) C Zince-complex of B 
(m chloroform) 
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Absorption spectrum of phycocyanin from Hemiselmis 
vwescens (0 025 M phosphate buffer, pH 6 4) 
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Fig 2 


Higher concentrations of ammonium sulphate were 
requred to precipitate the cryptomonad phyco- 
eiythrins than those of the other algal divisions, but 
their electrophoretic mobility was simular to that of 
R-phycoerythiin m acidic buffers However, at 
alkalme pH values H rufescens phycoerythrm moved 
toward the cathode on paper electrophoresis 

Phycocyanm The absorption maxima of the blue- 
coloured  xed.fluoresemg pigment of Hemzselmes 
virescens were at 588 and 615 mp (Fig 2) The pig- 
ment appeared to be homogeneous, as fractionation 
could not be achieved by chromatography, paper 
electrophoresis, or ammonium sulphate precipitation 
The pigment was quite resistant to concentrated 
hydrochlorie acid hydrolysis, but prelummary results 
point to the chromophore bemg a phycobilin 

The results presented in this communication are 
essentially similar to those of Allen e£ al and of Haxo 
and Fork* They all point to the cryptomonad pig- 
ments bang bihprotems ielated to those of the red 
and blue-green algae 

The hght absorption characteristics of the phyco- 
eiythrms present in five of the species examined 
resemble most closely those of C-phycoerythrin, the 
single absorption maximum of which can vary in 
position fiom 546 my (ref 9) to 552 mu (ref 10) to 
560, 563 and 565 my“?! The phycobilins are spec- 
trally sumlar, but more detailed studies will be 
necessary before the exact stiuctural relationships 
between the cyanophytan and cryptomonad phyco- 
erythrms can be elucidated 

The phycocyanms reported m the hterature may 
be broadly classified as follows (approximate abso: p- 
tion maxima im brackets) R-phycocyamim (555 and 
615 my), C-phyeocyanm (615 mu), allophycocyanm 
(650 mp) The phycocyanin of the Plymouth stram 
of Hemiselmis virescens Droop (588, 615 my) differs 
from all these It also differs from that reported by 
Allen et al! for phycocyanin from the type stram 
(Millport No 64) of this alga (maxima at 580, 620- 
625, 645 mu) The only other observed difference 
between these two strams 18 that the latter produces 
more carotenoid masses than the Plymouth strain 
(Mary Parke, private communication) 

The cryptomonads (Cryptophyceae) have been 
generally placed in the algal division Pyrrophyta, 
which also includes dinoflagellates (Dmophyceae), 
the most characteristic pigment of which is the 
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xanthophyll, peridimn??. In view of the present and 
related findings’, the use of similarity in colour of 
eryptomonads and dinoflagellates as an argument for 
groupmg them together, already suspecti3, would 
seem unjustified 
We wish to acknowledge our sincere thanks to Dr 
Mary Parke, Plymouth, who provided the crypto- 
monad. cultures and directions for them growth , and 
to the Chemical Society for a grant from the Society’s 
Research Fund 
Added ın proof Careful chromatographic examina- 
tion of extracts of all our phycoerythrin-contammg 
eryptomonads has revealed the presence of small 
amounts of phycocyanin (Amas © 635 my), when the 
algae were grown in a north window 
Dr Michael Droop has kmdly supphed us with & 
sample of the typo-stram of Hemiselms virescens, 
which we have grown under our culture conditions 
We have confirmed the findings of Allen et al * con- 
cerning the spectral properties of phycocyanm from 
this stram 
1 Lemberg, R , and Legge, J W , "Hematin Compounds and Bile 
Pigments” (Intersc: Pub , New York, 1949) axo, F T ‚and 
Ó hEocha, © , edit by W Ruhland, m “Handbuch der Pflanzen- 
physiologie", & (Springer, Berlin, in the press) 
*Parke, Mary, J Mar Bil Assoc U E , 28, 255 (1949) 
* Provasoli, L , Boll Zool Agrar Bachwl , 22, 143 (1958) 
* Foyn, B , Arch Protistenk , 88, 1 (1934) 
$ Swingle, 8 M , and TTiselius, A , Biochem. J , 48, 171 (1951) 
*Haxo, F T, Ó hEocha, C , and Norris, Phyllis, Arch Biochem 
Biophys , 64, 162 (1955) 
' Ó hEocha, C , Arch Biochem. Biophys , 73, 207 (1958) 


* See accompanying communications Allen, Mary Belle, Dougherty, 
E O,and McLaughlin, J J A , Haxo, F T',and Fork, D CO 


°? Kyun, H ,Z physiol Chem , 197, 1 (1981) 
?? Boresch, K , Biochem Z , 119, 167 (1921) 
n Kylin, H , Hol Fysogr Saliskap Lund , Forh , 7, 131 (1937) 
? Strain, H H ,in “Manual of Phycology”, edit by Smith, G M 
(Chronica Botanica, Waltham, Mass , 1951) 


“Graham, H W ,in “Manual of Phycology”, edit by Smith, G M 
(Chronica Botanica, Waltham, Mass , 1951) 


Photosynthetically Active Accessory 
Pigments of Cryptomonads 


By Da F T HAXO and D. C FORK 


Division of Marine Biology, Scripps Institution of 
Oceanography, University of California, La Jolla 


Tue Cryptophyceae have attracted interest as a 
minor algal group of uncertain taxonomuc affinities, 
notable for the varied coloration of rts pigmented 
representatives! The isolation into laboratory cul- 
ture of the red, marine cryptomonad Rhodomonas lena 
by L Provasoh? has prompted studies of the nature 
. &nd function of its plastid pigments The results are 
~ommunicated here in brief, together with those 

'btained. afterwards with the brown-coloured flagel- 

ate, Oryptomonas ovata ‘These and the chemical 
investigations by Allen, McLaughlin and Dougherty 
and by Ó hEocha and Raftery? on a greater variety 
of species, establish the common occurrence of 
phycobiln-hke pigments within the cryptomonads 
and their role as accessory photosynthetic pigments 

Cultures of Rhodomonas lens Pascher and Ruttner 
and Oryptomonas ovata var palustris Pringsh were 
provided by L Provasoli and Richard Starr, respec- 
tively Both organisms yielded dense cultures after 
4-6 weeks when grown in synthetic hquid media 
(unpublished formulations of L Provasol) at 20° C 
with contmuous ilummation of 50-100 ft -candles 
intensity The cells were harvested by continuous- 
flow centrifugation at 5,000 rpm 

Extraction and purification of the water-soluble 
pigments were carried out m the cold at pH 6-7 
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“The cells were ruptured by passage through a needle 
valve (French press) at 15,000 lb /sq m, and the 
homogenate was clarified by  centnfugation at 
144,000g for 1 hr or more The pigment of the 
briluantly fluorescing supernatant was precipitated 
with ammonium sulphate, re-dissolved m dilute 
sale, and chromatographed on tricalerum phosphate, 
using the method of Swingle and Tisehus? and Haxo, 
Ó hEocha and Norris’, but omuttmg diatomaceous 
earth, which adsorbed a portion of the pigment 
wreversibly The fat-soluble pigments residing m the 
particulate fraction were exiracted with methanol at 
pH 8-9 and fractionated by column chromatography 
on polyethylene powder and conventional adsorbents. 
Spectral analyses were made with a Beckman DU 
spectrophotometer. 

Photosynthetic action spectra of freshly harvested. 
cells were measured polarographically at 20° C using 
Haxo and Bhnks's method* The reaction vessel was 
modified, however, by recessmg the platinum elec- 
trode to accommodate a 0 25-mm layer of suspended 
cells, horizontally oriented in the beam from the 
monochromator 

The spectral similarity of centrifuged aqueous 
extracts of R lens to C-phycoerythrm was noted 
earher by Wolken and Haxo (cf L Provasoh, ref 2). 
On chromatographic columns several diffusely ad- 
sorbed pink zones were observed, all of which gave 
simular spectra The prmeipal fraction, eluted with 
01 M phosphate buffer, had the followmg charac- 
teristics maximal absorption at 545 my and 
secondary peaks at 390 and 276 mu, strong yellow 
fluorescence, non-dialysable; precipitation from 
aqueous extracts upon heating, by addition of three 
volumes of acetone, and by saturated ammonium 
sulphate at 0° C , photolability moderate at 20? C, 
shght at 5° C 

Chromatographically purified pigment from C. 
ovata showed sumilar solubility properties, but dis- 
played a reddish-orange fluorescence and absorption 
peaks at 568 and 285 mu The pigments of the two 
eryptomonads are therefore spectrally distinct. -Ther 
observed properties suggest that they are bilichromo- 
protems sumuar to, but not identical with, the smgle- 
peaked C- and B-phycoerythrins?* Their spectral 
properties and possibly also them precipitation 
only at hugh ammonium sulphate concentrations 
are features which distmguish them from the 
known bilichromoprotems of red and blue-green 
algae. 

Both cryptomonads yielded three chlorophyll 
fractions (absorption maxima m ether) chlorophyll 
a (665, 615, 577, 530, 430, 410 mp), chlorophyll c 
(638, 581, 450 mu); and an unidentified hypophasic 
component (667 5, 615, 576, 531, 500, 429, 412 my). 
The latter may be a degradation product of chloro- 
phyll a, but ıt was not observed in simularly treated 
extracts of a dinoflagellate (Gonyaulax polyedia) or 
of brown algae (Hisenra arborea and Macrocystis 
pyrifera) The solubility and adsorption properties, 
and in particular the spectral properties (Fig 1) of 
the chlorophyll o from R lens and C. ovata, corre- 
sponded closely with our preparations of this pigment 
from the above-named reference sources Evidence 
for the presence of chlorophyll e m C ovata was 
recently obtamed by French, Elhott and Allen 
(ref 9 and personal communication) from absorption. 
spectra of intact cells 

The carotenoid hydrocarbons of C. ovata included, 
as the major component, «-carotene (identity con- 
firmed by co-chromatography with an authentic 
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Fig 1 Absorption spectra in ethyl ether of chlorophyll c from 
Rhodomonas lens, Cryptomonas ovata, Gonyaulax polyedra and 
Macrocystis pyriferc 
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sample) and a less strongly adsorbed polyene (absorp- 
tion maxima m hexane at 471, 442 and 418 my), 
probably s-earotene The xanthophylls of C ovata 
were more abundant than the carotenes (ratio 2 4*1) 
The absorption spectrum and the partition behaviour 
of the prmeipal xanthophyll corresponded closely to 
those of zeaxanthm, however, identity with the 
very similar pigment diatoxanthin was not precluded 
The poly-oxy carotenoids, peridmim and fucoxanthin, 
were not present in detectable amounts in extracts 
from either eryptomonad, although these pigments 
were readily isolated by the same procedures from 
reference sources 

That the ‘phycoerythrins’ of both flagellates are 
effective sensitizers in photosynthesis is demon- 
strated by the photosynthetic action spectra and 
corresponding absorption spectra presented m Figs 2 
and 3 Photosynthetic activity is highest ın the 
middle of the spectrum (540-570 mu) where the 
water-soluble pigments contribute most prominently 
to cell absorption A somewhat lower effectiveness 
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Fig 2 Photosynthetic action spectrum of Rhodomonas lena and 
absorption spectra of the intact cells and of the aqueous extract 
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Fig 3 Photosynthetic action spectrum of Crypiomonas ovata and 
absorption spectra of the intact cells and of the aqueous extract 


for hght absorbed by chlorophyll is indicated This 
situation is seen most clearly at wave-lengths beyond 
660 mp, where absorption may be attributed solely to 
chlorophyll 

Previous work on the bilichromoprotems has been 
concerned mainly with those of red and blue-green 
algae, in which they function as accessory pigments 
to chlorophyll æ alone!® In the former group of 
algae, small amounts of chlorophyll d may also be 
present The cryptomonads now exammed differ 
from other types of algae bearmg phycobiln m that 
photosynthetically actrve bilchromoprotems are 
associated with chlorophyll e as well as chlorophyll a 
It is noteworthy m this connexion that the ‘mactive 
chlorophyll’ fraction of cryptomonads is small 
relative to that characteristically encountered m the 
Rhodophyta* 

The evolutionary relationships of the cryptomonads 
remain unsettled, although Pascher!! proposed that 
they are related to the dinoflagellates In this con- 
nexion, it i8 of interest to compare the plastid pig- 
ments of the cryptomonads and the dinoflagellates 
Both groups contain chlorophylls a and c, but these 
two chlorophylls also occur m diatoms and in the 
brown algae  Peridmun, the characteristic carotenoid 
of dmoflagellates, was not detected m the crypto- 
monads that we have exammed In further contrast, 
bilichromoprotems have not been detected m the 
dinoflagellates, although species with blue chromato- 
phoresi? have not been exammed m this respect. 
Available information, although lmuted, suggests ~ 
that the cryptomonads possess a distinctive cor 
plement of plastic pigments 

We are indebted to Nao Belser and William MceCl. 
for their assistance m certam phases of this study 


1 Fritsch, F_B , “The Structure and Reproduction of the Algae”, 1 
(Camb Univ Press, 1950) 

? Provasoli, L , Boll Zool Agrar , 22, 143 (1956) 

3 See accompanying communications Allen, Ma: 
erty, E C, and MeLaughhn, J J A, and 6 
Raftery, M 

*Swingle, S M , and Tiselius, A , Biochem J , 48, 171 (1951) 

*Haxo, F T, ÓhEocha, C, and Norris, Phylhs, Arch Buochem 
Bwphys , 84, 162 (1955) 

*Haxo,F T „and Bhnks,L R,J Gen Physol,833,171 (1950) 

* Ó hEocha, C , Arch Biochem Biophys , 78, 207 (1958) 

5 Airth,R L and Blinks, L R , Bul Bull , 111, 321 (1956) 


? French, C S , and Elliott, Ruth F , Carnegie Institution of Washing- 
ton, Year Book 57, p 282 (The Lord Baltimore Press, Inc , 
Baltumore, ‘Maryland, 1958) 


10 Binks, L R ,*Ann Rev Plant Phys”, 5, 93 (1964) 
1 Pascher, A , Ber deutsch Bot Ges , 99, 103 (1911) 
7 Geitler, L , Rev Algol , 1, 357 (1924) 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * «8 open to the public) 


Monday, November 23 


ROYAL GEOGRAPHIOAL SoorETY (at 1 Kensington Gore, London, 
SW), at 5 pm-—Mr Barne E Jumper “Oxford University 
Tanganyika Expedition” 


INSTITUTION OF MEOHANICAL ENGINEERS, EDUOATÍON GROUP 
(at 1 Birdcage Walk, Westminster, London, 8 W.1), at 6 pm.— 
Discussion on “Vibration Theory, Linear Systems and the subject 
‘Theory of Machines’ " 


Tuesday, November 24 


SocreTy FOR ANALYTIOAL CHEMISTRY, PHYSIOAL METHODS GROUP 
(at the Chemical Society, Burlington House, Piccadilly, London, 
W1), at 630 pm—Mr R A O Isbell “The Design of Optical 
Instruments for Chemical Analysis” 


ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London: 
W1), at 7 pm—Prof D B Spalding “Heat and Mass Transfer 
in Aéronautical Engineering" 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W 1),a3£7 p m —Mr N I Walker “Application 
of Instrumentation to Glass Melting Furnaces” 


RADAR AND ELECTRONICS ASSOOIATION (at the Royal Society of 
Arts, John Adam Street, Adelphi, London, W 02), at 730 pm — 
e B E M Barlow “Waveguides for Long Distance Communica- 

ong" 


Wednesday, November 25 


ROYAL SOCIETY OF ARTS (at John Adam Stroet, Adelphi, London: 
W C2), a£ 2 30 p m —Sir Christopher Hinton, KBE, FRS, and 
Sir Wiliam Holfrod “Power Production and Transmission m the 
Countryside—Preserving Amenities” 


GxzoLoGICAL Soorety oF LONDON (at Burlington House, Piccadilly, 
London, W1),at 6 pm —Mr L R Raymond “The Pre-Permian 
Floor beneath Billingham, Co Durham", Dr J.M Hancock “The 
Cretaceous System in Northern Ireland" 

INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNICATION SECTION (at Savoy Place, London, W C 2), at 530 pm 
—Dr RE L Smith-Rose ‘Radio Aspects of the International Geo- 
physical Year" 

INSTITUTE oF Puysics (at 47 Belgrave Square, London, S W 1), 
at6pm.--Mr J F Coales “Education for Automation" 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdeage Walk, 
Westminster, London, S W 1),at 6 p m —Prof A H Cottrell, F R 8 
“The Effect of Nuclear Radiation on Engineering Materials” (Thomas 
Hawksley Lecture) 

SOCIETY or ČHEMIOAL INDUSTRY, FOOD GROUP (at 14 Belgrave 
Square, London, S W 1),at 6 15 p m -—Mr G E Moss “Fortuitous 
Corrosion Inhibitor in Biscuit Mixes", Mr P G Beary “Recent 
Developments ın Produce Pre-packaging" 


SOCIETY FOR ANALYTICAL CHEMISTRY (joinb meeting with the 
PHARMACEUTICAL SOCIETY OF GREAT BRITAIN, at 17 Bloomsbury 
Square, London, WC1), at 730 pm —Meeting on “Methods of 
Assays of Capsicum, Lonchocarpus and Rauwolfia” 


Thursday, November 26 


INSTITUTE OF MARINE ENGINEERS (Joint meeting with the SOCIETY 
OF NAYAL ARCHITECTS AND MARINE ENGINEERS, at the Memorial 
Building, 76 Mark Lane, London, E C 8),at 8 p m —Mr C C Pounder 
“Human Problems in Marine Engineering", at 530 pm —Mr 
J J Zrodowski and Mr H C Andersen ‘Co-ordinated Alignment 
of Iine Shaft, Propulsion Gear and Turbines” 


INSTITUTION OF ELECTRICAL ENGINEERS (ab Savoy Place, London, 
WC2),a6530pm—Mr T R Manley, Mr K Rothwell and Mr W 
Gray “The Application of Low-Pressure Resins to some High- 
Voltage Switchgear Designs” 

INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MEOHANICS 

v. GnouP (at 1 Birdcage Walk, Westminster, London, 8 W 1), at 6 p m 
ELA CUAROR on "The Application of Creep Results to Engineering 
esign" 
? ,» ROYAL AERONAUTICAL SOCIRTY (at Church House, Westminster, 
ondon, S W 1), at 6 pm—Prof H Schhchting “Some Develop- 
ments in Boundary Layer Research in the Last Thirty Years" (Third 
Lanchester Memorial Lecture) 


Thursday, November 26—Friday, November 27 


INSTITUTE OF PETROLEUM (joint meeting with the CORROSION 
GROUP and the CHEMICAL ENGINEERING GROUP of the SOCIETY OF 
CHEMICAL INDUSTRY, in the Grand Council Chamber, The Federation 
of British Industries, 21 Tothill Street, London, 8 W 1), at 9 30 3 m 
daily-—Joint Symposium on “Corrosion Problems of the Petroleum 
Industry” 


Friday, November 27 


ROYAL AERONAUTICAL Socrmry (at 4 Hamilton Place, London, 
Wi),at7pm—Dr D R Walkie “Man and an Aero Engine" 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9pm—Dr P T Haskell ‘Research in the War against Locusts” 


Friday, November 27—-Saturday, November 28 


BOTANICAL SOCIETY OF THE BRITISH ISLES (at the Lecture Hall, 
The British Academy, Burlington House, Piecadilly, London, W 1)}-— 
Darwinian Centenary Conference 
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BRITISH Society FOR IMMUNOLOGY (at the Wellcome Foundation, 
188 Euston Road, London, N W 1)—Symposlum on “Persistence of 
Immunity” Chairman Dr C H Andrewes 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appointments on or 
before the dates mentioned 

JAMES MORRISON HRESEAROH FELLOW (not necessarily medically 
qualified), to pursue full-time research into the treatment of malignant 
disease by radiotherapy or other methods, ab or in association with 
the David Morrison Research Department of the Sheffield National 
Centre for Radiotherapy—The Registrar, The University, Sheffield 
(November 21) 

RESEARCH FELLOW (physics graduate), to investigate the radiation 
from gas discharges—-The Registrar, The University, Sheffield 10 
(November 21 

RESEARCH FELLOW (post-doctoral chemist or biochemist, with 
suitable interest and experience) IN THE DEPARTMENT OF CHEMISTRY 
of the Faculty of Science, to work on the synthesis of nucleotide 
analogues and the study of their metabolism-—The Registrar, The 
University, Manchester 13 (November 21) 

PLANT TAXONOMIST (honours graduate majoring in botany, or 
equivalent qualifications, with some research experience in taxonomy, 
preferably in tropical plants) in the Division of Land Research and 

egional Survey, Commonwealth Scientific and Industrial Research 
Organization, Canberra, Australia, to undertake taxonomic research 
essentially with New Guinea flora, by way of revision of selected 
group, in collaboration with an ecologist and forest botanist, in the 
identification of 1mportant species—-Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, Africa House, Kingsway, London, 
W C2, quoting Appointment No 570/76 (November 27) 

FELLOW (honours graduate in science or engineering with post- 
graduate research experience involving microwave techniques in the 
field of paramagnetic resonance, particularly as applied to masers) IN 
RADIO ASTRONOMY in the Division of Radio Physics, Commonwealth 
Scientific and Industrial Research Organization, Canberra, Austraha— 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W C 2, quoting Appointment No 
780/216 (November 28) 

CHAIR OF CHEMICAL ENGINEERING— Ihe Registrar, University 
College, Singleton Park, Swansea (November 30) 

LECTURER IN MATHEMATICS at Palmerston North University 
College (Victoria University of Wellington), New Zealand—The Secre- 
tary, Association of Universities of the British Commonwealth, 36 
Gordon Square, London, W € 1 (November 30) 

LECTURER or SENIOR LECTURER IN PREVENTIVE MEDICINE at the 
University of New England, Austraia—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W C 1 (November 30) 

LECTURER IN CIVIL ENGINEERING-—The Registrar, University of 
Adelaide, Adelaide, South Australia (December 7) 

SENIOR RESEARCH FELLOW IN THE INSTITUTE OY XIDUOATION— 
The Registrar, The University, Leeds 2 (December 7) 

ASS STANT or ASSOCIATE PROFESSOR OF APPLIED MATHEMATICS— 
The Chairman, Department of Mathematics, McMaster University, 
Hamilton, Ontario, Canada (December 10) 

SENIOR TuTOR/LECTURER IN PSYOHOLOGY at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 
pres Commonwealth, 36 Gordon Square, London, W C 1 (Decem- 

er 

LECTURER IN GEOLOGY AND/OR GEOPHYSICS at the University of 
Sydney, Austraha-—The Secretary, Association of Universities of the 
pe Commonwealth, 36 Gordon Square, London, W C 1 (Decem- 

er 

CHAIR or PHILOSOPHY—"LIhe Registrar, The University, Leeds 2 
(December 31) 

PROFESSOR OF APPLIED MATHEMATIOS-—The Secretary and Regis- 
trar, University College of North Wales, Bangor (January 1) 

DIRECTOR of the INSTITUTE OF EDUCATION and PROFESSOR OF 
Enpvoarton—-The Registrar, The University, Leeds 2 (January 15) 

BiloLoaist (with a good honours degree in zoology and/or botany, 
preferably a knowledge of both subjects and some postgraduate 
experience) with the Fauna Research Unit, Kenya, to carry out 
research on Kenya fauna to provide data for the building up of hfe- 
tables, details of feeding habits, enemies, predators and diseages— 
The Director of Recruitment, Colonial Office, London, 8 W 1, quoting 
BOD 61/7/09/T 

BioLoaisr (with a university degree in science, including botany 
and zoology, with preferably a diploma in education and/or teaching 
experience) in. the Department of Agriculture, Uganda, to teach 
scientific subjects ın an agricultural course of the standard of the 
Diploma course of an agricultura! college ın the United Kingdom— 
The Director of Recruitment, Colonial Office, London, S W 1, quoting 
BCD 63/9/030/T 

BOTANIST (PLANT PATHOLOGIST) (with a good honours degree in 
botany or agricultural botany, and at least two years postgraduate 
experience in plant pathology) in the Department of Agriculture, 
Uganda, to diagnose the causes of crop diseases and to recommend 
control measures, and to assist with the breeding of disease-resisting 
crops—The Director of Reoruitment, Colonial Office, London, S W 1, 
quoting BCD 63/9/02/T 

CHEMISTS, SENIOR SOIENTIFIO OFFICER or SOIENTIFIO OFFICER 
grade in RESEARCH AND DEVELOPMENT ESTABLISHMENTS of the 
MINISTRY OF AVIATION, mainly Southern oe nee offering a wide 
range of problems including high polymers, safety glass and ceramics, 
electro-chemistry, propellants based on polymeric fuels, combustion 
reactions, reaction kinetics, chemical engineermg, initiation and 
detonation of high explosives, corrosion, and analytical methods— 
The Ministry of Labour and National Service, Technical and Seientific 
Register (K), 26 King Street, London, 8 W 1, quoting Ref F 647/9A/ 
AA 
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ENTOMOLOGIST (Scientific or Senior Scientific Officer grade, with 
a good honours degree in zoology, with postgraduate traimmng or 
experience in entomology) at the West African Cocoa Research In- 
stitute, Ghana, for research on insect pests of cocoa—The Director 
st a Colonial Office, London, S W 1, quoting BCD 197/ 

PRINOIPAL OF THE ROYAL TECHNICAL COLLEGE OF EAST AFRICA, 
Nairobi, and PRINOIPAL-DESIGNATE of the proposed University 
College into which the Royal Technical College is to be transformed— 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W C 1 

SENIOR AGRONOMIST (with a degree ın agriculture or in natural 
science with a postgraduate diploma in agriculture and considerable 
experience in field experimentation, preferably with perennial tree 
crops) at the West African Cocoa Research Institute, Ghana, to take 
charge of the Agronomy Section and co-operate with senior specialist 
officers ın the fleld experimental work of the Institute—The Director 
Sam quent Colonial Office, London, S W 1, quoting BCD 197/ 


Som CugMIST (with an honours degree in chemistry or 1n natural 
science including chemistry, and at least two years postgraduate 
training or experience as a 8011 chemist) at the West African Institute 
for Oil Palm Research, Nigeria, for the study and analysis of soil 
types with a view to improving soil conditions—The Director of 
Diog «ment Colonial Office, London, S W 1, quoting BCD 197/199/ 


REPORTS and other PUBLICATIONS 


(not included un the monthly Books Supplement) 


Great Britain and Ireland 


London and Home Counties Regional Advisory Council for Techno. 
logical Education Bulletin of Special Courses in Higher Technology 
including Management Studies and Commerce, 1950-60 Part 1 
Autumn Term Pp 136 (London London and Home Counties 
Regional Advisory Council for Technological Education, uo 


8 
Mimstry of Supply Reports on Plastics in the Tropics No 11 
Gast Acrylig Sheet Pp 39 (London HM Stationery Office, od 
8 ne 
The Royal Observatory Edinburgh Report of the Astronomer 
Royal for Scotland for the year ending 1959, March 31 Pp 8 (Hdin- 
burgh The Royal Observatory, 1959 ) [249 
The North of Scotland College of Agriculture Calendar, 1959-60 
Iso 5 (Aberdeen North of Scotland College of Agneuliare 
Tobacco Manufacturers’ Standing Committee 
ended 31st May, 1959, Pp 12 
Standing Committee, 1959 } 
Royal Greenwich Observatory Bulletins No 1 
1958, January-March 


Report for year 
(London: Tobacco Nanc 
Time Service 
Pp 18 No 2 Tune Service 1956, April- 
June Pp 19-36 No 3 Time Service 1956, July-September Pp 
No 4 ‘Time Service 1956, October-December Pp 56-71 
No 5 Time Service 1957, January-March Pp 73-90 No 6 
Time Service 1957, April-June Pp 91-100 No 7 ‘Time Service 
1957, July-September Pp 111-129 No 8 Time Service 1957, 
October-December Pp 181-149 No 9 Time Service 1958, January- 
March Pp 151-168 No 10 Time Service 1958, April-June Pp 
169-185 No 11 Photographic Zenith Tube 1958 Pp 24 No 12 
Tune Service 1958, July-September Pp 187-204 No 13 Time 
Service 1958, October-December Pp 205-221 (London HM 
Stationery Office, 1958 and 1959) 3s 6d net each [240 
Report by the Hydrographer of the Navy for the year 1958 Pp 
26+4 plates (HD 514) (London Admiralty, 1959 ) [249 
Industrial Training Council Traiming Services ın Industry Pp 39 
(London Industrial Training Council, 1959) 1s 6d (249 
Department of Scientific and Industrial Research and Fire Offices’ 
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IN A MODERN 


DEMOCRACY 


WO of the most valuable chapters m Dr Brian 
Chapman’s recent book, “The Profession of 

Government”? (London George Allen and Unwin, 
Lid, 1959 28s net), are those m which he discusses 
the public service trade unions, and the relations 
between public officials and the public The two 
subjects are closely connected, and in the compass 
of httle more than a score of pages Dr Chapman 
focuses attention on some problems of vital im- 
portance to the functioning of a democracy, of which 
there ıs little evidence that admmustrators, pro- 
fessional associations or the public generally are 
aware Nevertheless, upon the effective solution of 
such problems the wise use of scientific and technical 
resources and the very possibuity of creative leader- 
ship, in the service of the State or elsewhere, may 
largely depend 

Dr Chapman goes unerrmgly to the root of the 
problem with public service trade unions All the 
evidence points to the truth that people employed in 
government service tend to become not only self- 
governmg but also self-employed Moreover, the 
strength of these unions is m the lower ranks, and 
while in. these grades party with outside employment 
has been maimtaimed, financially there 1s a genume 
conflict of interest between the various grades of the 
pubhe service Unions representing the lower- and 
muddle-grade officals will not accept a pohey of 
discriminatory xises for particular grades, and for 
this financial 1eason alone, the higher publie officials 
insist on special representation 

Now, while the European public services have 
acquired most of the characteristics of a profession, 
even for the higher Civil Service in Britam there 
is no recognized professional qualification or any 
general acceptance that the profession should have 
a monopoly of government The acquisition of a 
1ecogmzed public status and the growth of pro- 
fessional traming schemes in the Civil Service only 
partly compensate for this lack of a professional 
quahfication Furthermore, the professional ways of 
thought of public officials, more especially the senior 
officials, are distinctive, imposed on them by the 
nature of them duties, and while generally such 
officials are naturally affected by the way the public 
iegard them and, ın consequence, by the underlymg 
philosophy of society and the State reflected m a 
country’s view of public administration, Dr Chap- 
man’s comparative survey points to a surprising 
similarity m attitudes m senior public officials m. all 
European public services 

Dr Chapman emphasizes the dependence of these 
attitudes on the nature of the official’s duties and 
not on his social class In all the countries covered 
by him, the public offical 1s m social terms a typical 
member of the middle class, but there are few 
reliable statistics on the social origms of public 
officials m Western Europe and it 1s not possible to 


prove that publie sei vice is a factor 1n social mobility 
It 1s certain, however, that social class m the public 
service does not work ın reverse The sons of members 
of the admunistrative class are practically never 
found lower down the scale, unless they can jom at 
then father's level, they enter another profession 
It 1s also clear that the working class and the agrı- 
cultural population are both under-represented at all 
levels of the administration m comparison with them 
proportion 1n the population 

Nevertheless, Dr Chapman’s survey suggests that 
this question of social o1igm 1s relatively trivial, in 
comparison with the decisive mfluence of professional 
duties on their attitudes Indeed, social class and 
ther duty to society, as well as the nature of ther 
work, alke make senior officials conservative, and 
thew first preference ıs to keep the peace and mam- 
tam the status quo In spite of thus, they sympathize 
with efforts to remove the worsb or mosb noticeable 
&buses in the fields of government which are then 
direct concern Dr Chapman pomis out that they, 
frequently more so than politicians, are aware of the 
black spots of society, even though ther knowledge 
may be second-hand, and that this instinet for 
improvement has been responsible for many minor 
social and industrial reforms throughout Europe, 
particularly m the newer fields of government Most 
frequently, however, the mstinct to improve is con- 
fined to the official's special field 

It is inherent in thus that senior officials should 
inehne to beheve that they are more disinterested, 
intelligent and far-sighted than other people engaged 
in government, and this ıs due not so much to 
authoritarianism as to the distrust of the professional 
for the enthusiastic amateur Agam, awareness of 
pubhe responsibility and of the mmpossibihty of full 
unpartiality and equality of treatment can also lead 
to a clash between professional and amateur, and to 
divergence between official and public The official 
is aware that he has to deal with a world that is 
neither efficient, rational nor equitable, and distrusts 
the claun that the public has an malienable right to 
efficiency, mmpartiality and rationality He is also 
better aware than the public of consistencies which 
may mar thew mutual relations 

All this bears profoundly on the two questions 
which Sir George Schuster discusses in his review of 
the workmg of the National Hospital Service in 
Britam, entitled "Creative Leadership in a State 
Bervice"* Can a State-directed service be an 
instrument of dynamic progress and provide scope 
for mdividual enterprise and mitiative ? Can State- 
directed ‘welfare’ measures produce true welfare— 
that 1s, welfare judged according to a standard 
of values appropriate to a modern society? These 


*Creative Leadership in a State Service a General Survey 
(Hospitals and the State Hospital Organization and Administration 
under the National Health Service, Sixth and final Research Paper ) 
Pp i1+80 (London Acton Society Trust, 1959) 4s s 
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questions, however, may be considered m the light 
of three major points which Dr Chapman makes as the 
outcome of his review of Western Europe as a whole. 

First, m every country the inorease in public 
services has not been accompanied by sufficient 
serious thought as to the best way of absorbing them 
into the structure of the modern State The hap- 
hazard creation of semi-publie, public, quasi-private 
and partly autonomous bodies complicates law, opera- 
tion and control Secondly, clarification in this field 
might help to disentangle some of the more acute 
problems of publie service law There 18 no sensible 
reason, Dr Chapman suggests, why a postman should 
be a Civil servant and a gas inspector or railway 
driver should not Nor is there any serious reason 
why the vast mass of manipulative, clerical or even 
executive staff employed m pubhe admmustration, 
whose duties are exactly comparable with those in 
private employment, should not be engaged on 
private law contracts A much more vigorous dis- 
tmetion in pubhe administration between public 
officials and private law employees would both 
simplify pubhe service law and permit an element of 
flexibility ın personnel matters which is lacking in 
many countries, and also allow the general unification 
of the public services to be considered seriously This 
18 particularly mmportant at the higher levels, where 
1t should promote a proper balance between admunis- 
trators, managers and technologists, and remove 
some of the anomahes which disturb the Institution 
of Professional Crvil Servants It mught well be 
reconsidered whether the chemist, the physicist, the 
engmeer, for example, engaged on professional duties 
i. the Government service, need necessarily be a 
Civil servant unless those duties melude public 
administration 

Thirdly, Dr Chapman remarks that the recent 
awareness of the need for better government public 
relations has gone no further than communicating to 
the publie what the publie service concerned is domg, 
rather than why it ıs doing ıt This ıs an essential 
to informed public discussion, but m his reasoned 
attack on the secretrveness of British Government 
methods, Dr Chapman is too concerned with the 
negative effects of secrecy to emphasize the positive 
contribution of mformed discussion to the functioning 
of democracy In Western democratic theory, 
government is the task of representatives- of the 
electorate, and no growth in the complexity of the 
tasks of government can make government the task 
of a profession , ıt can only emphasize the respons- 
ibility of the professional admumstrator for seemg 
that the implications and consequences of particular 
decisions and policies are clearly understood by the 
elected representatives 

The relevance of Dr Chapman’s observations and 
suggestions to the problem of creative leadership 
which Sir George Schuster discusses m the context 
of the National Health Service m Britain 1s apparent 
from the start of Sir George’s analysis That analysis 
follows on a general survey of hospital organization 
and administration under the National Health 
Service made by the Acton Society Trust, which 
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vindicated the Government’s origmal purpose to 
allow the fullest possible decentrahzation of the 
Hospital Service While ths should be mamtamed, 
the Acton Society Trust points out that the Munistry 
18 still left with a responsibility 16 cannot abdicate— 
that of giving mspirmg leadership and guidance, 
interpreting the lessons of decentralized experience, 
and mvolvimg national resources for dealmg with the 
problems that can only be effectively handled on a 
national basis In particular, the Trust’s survey led 
to the conclusions that not enough had been done to 
study and interpret current experience, that a fre- 
quently changmg junior political Manister 1s ul-placed 
to satisfy the need for contmuous inspirmg leadership 
in a great operating service, that the Mmusiry as 
at present organized does not provide a staff con- 
tammg enough men with the right kind of knowledge 
based on practical experience in the field , that this 
staff is itself hampered by lack of an adequate 
statistical and intelligence service, and that the 
Manistry's advisory bodies cannot fill the gap 

Sir George Schuster begins with Mill's prescription 
—the greatest dissemmation of power consistent with 
efficiency but the greatest possible centralization of 
information and diffusion of ıt from the centre, and 
with Muill’s dictum that a Government cannot have 
too much of the kind of activity which does not 
mnpede but aids and stimulates mdividual execution 
and development In emphasizmg, however, the 
mtensely human character of a health service and 
the large number of voluntary unpaid members con- 
cerned in its control, Sır George directs attention to 
two further questions which arise out of those to 
which he was asked to grve special attention Furst, 
how—by what working methods and arrangements— 
can the preservation of the voluntary spirit of service 
which is embodied m the boards and committees 
of management be most effectively combined with 
adequate power for the Munster to discharge his 
responsibility to Parlament for ensuring efficiency 
and economy im the expenditure of public money ? 
Secondly, how can the professional freedom of 
medical practitioners and surgeons, on whose skill the 
work of the hospital service ultimately depends, be 
reconciled with the just clams of public authority ? 

Obviously, these are essentially the questions that 
arise m regard to public expenditure on research and 
on the universities, and the answers Sw George 
Schuster suggests are of great mterest to those con- 
cerned with the functioning of the University Grants 
Committee, pubhe accountabilty m the nationalized 
industries and the deployment and balance of the 
national effort m scientific and mdustrial research 
and the control of expenditure m that field They 
are questions of far-reachmg importance which 
should be a prime concern of the newly appomted 
Minister with special responsibility for scientific 
effort in Britain Moreover, while Sir George Schuster 
does not deal to any extent with the question of 
professional freedom, he hag raised a general issue 
which demands the attention of professional bodies 
generally, and the importance of which in its broadest 
context has also been admurably stated by Sir Solly 
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Zuckerman m his recent address (see Nature, July 18, 
p 185) dehvered at the Cahforni& Institute of 
Technology 

It is no disparagement of the importance of the 
National Health Service to suggest that Sır George 
Schuster’s pamphlet ıs of even wider public interest 
in the context of the problem of government generally, 
the place and use of the expert ın public affairs, the 
responsibilities of professional organizations and the 
functions and staffing of the Civil Service Like Dr 
Chapman, he displays issues where fresh thought 1s 
urgently required, practices which require critical 
and independent exammation, and preconceived 
ideas and even traditions which should be challenged 
It ıs to be hoped that the place of ns pamphlet in 
the survey of the National Health Service made by 
the Acton Society Trust will not lead other pro- 
fessional associations, or indeed the scientist and 
technologist generally, to miss the challenge to 
creative leadership which he offers to them no less 
than to the medical profession itself 


BRITISH INDUSTRY 


The Structure of British Industry 

A Symposium Edited by Duncan Burn Vol 1 Pp 
xvu+403 45s net Vol 2 Pp xu+499 650s net 
(National Institute of Economie and Social Research ) 
(Cambridge At the University Press, 1958 ) 


OR a long time the best general account of the 
F mam British industries in. a single book has been 
Prof G OC Allen's famous work, “British Industries 
and thew Organisation", first published as long ago 
as 1933, though modernized m successive editions 
since The two volumes here under review constitute, 
therefore, the first new major attempt for a long time 
to provide something which, in principle, every British 
student of economics (and many overseas students) 
would lke to have 

As a new standard text-book and work of reference, 
this book has very great strength, but also, inevitably 
some weaknesses Its strength 1s that ıt calls upon 
an extremely able team of writers, many of them 
fresh from, or still engaged in, the task of writing 
larger monographs on the mdustries which they here 
discuss , the rest, who have made investigations for 
the sole purpose of their contributions to thus sym- 
posum, remarkably well-selected and successful 
Tts weakness 1s that 16 lacks the uniformity which can 
be achieved by a single author, asking roughly the 
same questions about a number of industries Apart 
from setting out the facts of size and number of firms, 
the different contributors adopt a variety of 
approaches which makes the editor’s gallant effort 
to treat some matters of general interest in his final 
chapter a difficult one The student may also find 
the size and cost of this important work formidable 

It would be wrong, however, to judge 1t merely as a 
text-book It 1s an important fact about economic 
studies that 1n the past decade or two, while at then 
theoretical end they have been accused of becoming 
more difficult for the practical man to understand, 
they have undemably gained enormously in realism 
through economists consortmg with practical men, 
either as Civil servants or as students of mdustrial 
problems in the field No one man can nowadays 
attam to comprehensive first-hand knowledge of a 
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wide range of mdustries, as Alfred Marshall was able 
to seventy years ago—hence the necessity for a 
symposrum-—but the mtimacy of the knowledge 
attained by the contributors, and the fundamental 
nature of the questions which some of them attempt 
to answer on such matters as pricing policy, are 
evidence of the mcreased penetration of economists 
generally into the realities of industrial hfe 

A list of the mdustries dealt with shows the wide 
scope of these volumes agriculture, buildmg, road 
and rail transport, coal, oil, chemicals, steel, building 
materials, machme tools, motors, aircraft, shypbuild- 
ing, electronics, cotton and rayon textiles, woollen 
and worsted, man-made fibres, pottery, pharmaceuti- 
cals, and cutlery It suggests, too, the variety of 
different ‘atmospheres’ to be dealt with, rangmg from 
those dommated by State policy, as in the case of 
agriculture and aircraft production, to the predomm- 
antly private commercial atmosphere of, for example, 
the pottery industry , or from ferments of technologi- 
cal change, as m electronics or pharmaceuticals, to 
the static environment of wool textiles It need 
scarcely be said that the nature, possibility, and mean- 
ing of competition vary enormously from one mdustry 
to another The more closely one looks at most 
industries (even those which are m some sense the 
most ‘competitive’), the further they appear to he 
from the old model of ‘perfect’ competition between 
firms making exactly similar products The nearest 
simple model of wide application, indeed, would seem 
to be that of ‘oligopolistic’ competition, between 
firms which compete directly (or not quite directly) 
with a fairly small number of others—though with the 
important reservations that ‘potential’ competition, 
often from users of the product who might turn to 
manufacturing 1t themselves, 18 frequently yust round 
the corner, and that the weapon of competition is 
mecreasingly often an improvement in design rather 
than a reduction m price. Nearly everywhere there 
is some evidence of increasing concentration, but in 
very many places the small firm 1s remarkably 
viable, not by any means always for the same reason 
Where concentration has gone so far as to create 
monopoly power, 1t becomes very evident that this 
power, though it may not be harmless, 1s subject to a 
variety of checks, quite apart from those 1mposed by 
legislation The case of coal, where absolute monopoly 
18 itself the product of legislation, shows how powerful 
the restramt unposed by competition from quite 
different products can be 

The question how far the structure of British indus- 
try conduces to high and mecreased efficiency 1s one 
which, again, admits of no simple answer The very 
general umpression, mdeed, ıs that the adjustments 
of the past twenty years have been made with reason- 
able smoothness and with gains of efficiency which 
are often striking This, however, should not lead 
the reader mto complacency The contributors to 
this work have the relatively pleasant task of portray- 
ing British mdustry on the favourable wicket of 
expansion in the national economy and in world 
trade It 1s a very different story from the agonizing 
chronicle of difficult contraction m so many of the 
basie industries between the Wars It may be as 
well to reflect that, while we may hope never again to 
see general stagnation of the economy or a major 
depression in its total activity, we have given a 
number of hostages to fortune in, for example, motors 
and shipbuilding, which may find how much more 
difficult ıb 18 to be progressive in adversity thay in 
prosperity A J Brown 
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Turning Points in. Physics 

A Series of Lectures given at Oxford University in 
Trmty Term 1958 By R J Blm-Stoyle, D ter 
Haar, K Mendelssohn, G Temple, F Waismann 
and D H Wilkmson (Series m Physics ) Pp v+192 
(Amsterdam North-Holland Publishing Company , 
New York Interscience Publishers, Inc , 1959 ) 20s 


URING Trinity Term, 1958, a series of lectures 
D was organized by the Reader in the Philosophy 
of Science and the Lecturer m the History of Science 
in the University of Oxford The lectures, collected 
im this volume, are (l) “The End of Mechanistic 
Philosophy and the Rise of Field Physics”, by 
Dr R J Bhn-Stoyle, (2) “The Quantum Natuie of 
Matter and Radiation”, by Dr D ter Haar , (3) 'Pro- 
babihty enters Physics”, by Dr K Mendelssohn, 
(4) “From the Relative to the Absolute", by Prof 
G Temple, (5) “The Decline and Fall of Causality”, 
by F Waismann, and (6) "Towards New Concepts 
Elementary Particles”, by Prof D H Wilkinson 
The audience to whom they were originally addressed 
was composed of philosophers and scientists who were 
not physicists The publishers suggest that they can 
be understood by laymen, I have the word of an 
historian. colleague, who recommended the book with 
great enthusiasm for the general hb»ary, that this 1s 
so He had some reservations, 1t 1s true, about grasp- 
ing all the pomts raised , and ıt 1s not exactly light 
reading, even for the scientist As an account of the 
origins and development of the present state of 
theoretical physics 1b is most stimulating, and to 
be able to communicate so much of the physicist’s 
outlook at a non-specialist level is a magnificent 
achievement 

The title “Turnmg Points” is itself significant 
Thirty or forty years ago classical physics was spoken 
of in rather dismal terms of ‘downfall’, by imference, 
the supplantmg modern physics was undergomg 
uphft—and 1$ apparently did, quite out of this world 
But the outcome of all this has not been depression 
or exaltation, nothing less than a complete 1e- 
orientation of all our ideas has been necessary, and 
this turning has not really been a sudden event 
As the first lecture pomts out, the fulerum was 
effectively set up by Faraday , and the statistical 
approach goes back nearly as far—but apphed only 
to classical particles The quotation from Niels 
Bohr—'My method 1s to try to say what I cannot 
say, because I do not understand 16°, Di Wais- 
mann’s statement that quantum physics presents a 
strong case against traditional logic, and Piof 
Wiukinson’s remark that the first stumbling block for 
people who want to understand the elementary 
particles ıs that some of the thmgs they learn run 
counter to common sense, between them emphasize 
the kind of turning that is demanded In the maero- 
scopic world of everyday life, we can ‘understand’, 
use classical ideas, relate matters as ‘cause and effect’, 
work to the rules of logic, and be guided by common 
sense In the microscopic world of atomic physics, 
none of these things can happen The physicist has 
to live a life of double-dealmg between two worlds— 
observing with macroscopic apparatus, and interpret- 
mg in terms of microscopic concepts which have no 
counterparts m ordinary life, erbher in essence o: m 
behaviour Each of tho lectures shows clearly the 
terms of reference withm which modern physics 
operates 
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Rule out causality, mechanical particles, identzfi 
able mdrvidual particles, and the appeal to analogy 
taken from everyday life, and what is left of the 
microscopie world except concepts that can only 
be handled as mathematical abstractions? Thr 
question, which is the real difficulty facmg the 
ordinary reader (and most of us older physicists as 
well), is squarely met in the contributions of Prof 
Wilkinson and Prof Temple The answer is, general 
invariance oi symmetry or conservation conditions, 
and ‘properties’ (if that 1s the term) to which suck 
conditions can apply—sueh as Newton’s third law ot 
motion (Temple) or the conservation of isotopic spin 
(Wilkinson), which seem indeed to have much m 
common 

Illustrations and examples strike a fresh and 
ongmal note The derivation of the Lorentz trans- 
formation (Temple) ıs neater and sumpler than that 
in the text-books The conflict between causality and 
the uncertainty principle (Waismann) is illustrated 
by idealized experiments, and numerous examples of 
the appheation of the principle are given The 
account of the elementary particles (Wilkinson) 18 
both up to date ın content and superb m its clarity , 
the author does not, of course, lament that physicists 
are large compared with me, and long-lived by 
K-meson standards—but he mentions that this 
immense difference in scale prevents us from even 
bemg able to describe the microscopic world m ordm- 
ary language at all The hghter touches and personal 
reminiscences that drop into place here and there 
suggest that the authors were thoroughly enjoying 
ther task they must have done, to be able to 
accomplish ıt so brilhantly G R NoAxES 
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CATALYTIC PROCESSES AND 
PETROLEUM 
Catalysis 


Edited by Prof Paul H Emmett Vol 6  Alkyla. 
tion, Isomerization, Polymerization, Crackmg and 
Hydroreformmg Pp vi+706 (New York Rem- 
hold Publishmg Corporation, London Chapman 
and Hall, Ltd, 1958) 156s net 


‘HIS volume 1s the penultimate one m this very 
comprehensive series , 16 deals with the catalytic 
processes that have now such an mnportan& place m 
the petroleum industry The editor is to be con- 
gratulated on this further stage of hus monumental 
task and m particular on achieving a very reasonable 
uniformity of treatment in the six ‘chapters’ written 
by eleven authors Each chapter forms a clearly 
defined section dealing with an important refinery 
operation involving catalysis and comprising alkyla- 
tion (with 59 references), isomerization (322 refer- 
ences), polymerization of olefines (212 references), 
catalytic crackmg (126 references) and reformmg 
(164 references), together with a chapter on the 
mechanism of polymer formation and decomposition 
(374 references) The large number of references 
makes the volume a valuable starting pomt for further 
study, particularly to chemists entermg the petroleum 
and petrochemicals field At the same time the 
authors have accepted the responsibility of surveying 
this mass of literature and presenting 16 as a coherent 
account and not simply as a collection of abstracts 
Earher volumes in this series dealt, of course, with 
the fundamentals of catalysis, so that the authors here 
are free to deal with the more specialized and prac- 
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tical aspects This stil leaves a large field to be 
covered and m most cases the authors set clearly 
defined limits to the subjects they discuss 

Alkylation 1s dealt with m a clear and concise 
manner, and the comment m this chapter that “the 
development of a body of knowledge in alkylation 
embraces in chronology the development of highly 
precise analytical distillation methods and spectro- 
scopic identification methods for hydrocarbons” 
can apply to each chapter m turn It 1s teresting, 
though possibly fruitless, to speculate on the course 
of events if our modern techniques of hydrocarbon 
aa had been available to the pioneers in this 

e. 

In the chapter on isomerization, a much more 
complete treatment 1s attempted under the headings 
“General Aspects and Mechamsms"', Kinetics" and 
“Equilibria” The treatment 1s very systematic and 
will be of particular value to research workers enter- 
ing this field It is irritating, however, to find 
bracketed explanations such as “BF, (boron tri- 
fluoride)" and even “I, (iodine) in a book of this 
type The chapter on mechanisms of polymer forma- 
tion and decomposition follows, its scope bemg 
clearly defined and topics such as polycondensation, 
co-polymerization and hydrolytic and enzymatic 
cleavage reactions are included This 1s an excellent 
survey of the specified fields Polymerization of 
olefines 1s the subject of the next chapter, the pre- 
sentation being lumted to liquid polymers only, 
ranging up to lubricating oils and viscosity mdex 
improvers After an excellent discussion of the 
thermodynamics and mechanisms, commercial pro- 
cesses are dealt with m moderate detail The behav- 
1our of pure hydrocarbons 1s the mam theme of the 
chapter on catalytic crackmg, the commercial pro- 
cesses being discussed only briefly This again is a 
necessary lmutation m such a wide field A hst of 
twelve phenomena is given, which ib 1s suggested 
an acceptable theory of catalytze crackmg should 
explam The poisoning action of mtrogen bases, a 
discussion of which wummediately precedes the hst, 
might well have been added to ıt The final chapter, 
on catalytic reforming, includes a good deal on the 
commercial processes and 1s again a valuable survey 

The printing and diagrams are up to the high 
standard one expects, and the volume will certamly 
Jomm the others of the series as an 1mportant contribu- 
tion to the hterature of chemical indus&iy in the 
widest sense Davip M WinsoN 


SEX ON THE FARM 


Reproduction in Domestic Animals 

Vol 1 Edited by H H Cole and P T Cupps Pp 
xv +651 (New York Academic Press, Ine , 
London: Academic Press, Ine (London), Ltd, 
1959) 1450 dollars 


HIS book, when the second volume 1s published, 
wil have to stand comparison with such well. 
known treatises as ‘‘Allen’s Sex and Internal Secre- 
tions", a third edition of which is in preparation, 
“The Hormones", edited by Pincus and Thimann, 
and, above all ''Marshal's Physiology of Repro- 
duction’’, publication of the third edition of which 
began in 1952 and ıs not yet complete 
The present volume opens with two chapters on 
the: anatomy of the male and female reproductive 
organs and is thereafter almost wholly concerned 
with the female There are four chapters, three of 
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which are of a fundamental nature, dealmg with the 
10le of various hormones and of the nervous system 
in reproduction — Aftei five chapters describing the 
cestrous cycle of farm animals and the bitch (appai- 
ently the cat 1s not considered a domestic animal), 
fertilization, implantation, the physiology of the 
placenta and pregnancy, and parturition aie covered 
in four chapters The volume ends with a chapter 
on. lactation ; 

In the space available ıt ıs impossible adequately 
to write a critical appreciation of so important a 
book, all that can be done, at the risk of appearing 
invidious, 18 to refer to those topics which particularly 
interest the reviewer He well remembers the 
absorbing mterest with which he iead in 1939 C G 
Hartman’s outstanding chapter m “Sex and Internal 
Secretions’” (second edition) Does the present 
volume contain a chapter comparable with this ? 
This 1s scarcely to be expected since the power to 
write so vividly 1s unfortunately iare Perhaps 
C W Emmens's contribution on the role of the 
gonadal hormones in reproduction comes closest, for 
ib i8 written m a flowmg style and deals lucidly with 
a complicated subject Miriam E Simpson gives an 
authoritative and well-written account of the prtwtary 
and other gonadotrophins, though her treatment of 
the subject might appear to be orientated towards 
man rather than farm anmals © W  Tuiner's 
chapter on the thy1oid, adrenal cortex and posterior- 
pituitary hormones ıs something of a mixed bag, 
heavily over-shadowed by & discussion of practical 
applications of thyroid physiology in the domestic fowl 
and farm animals, a subject which might well have 
‘been assigned a chapter on its own The adrenal 
cortex and posterior-lobe hormones could easily have 
been expanded to separate chapters T J Robinson’s 
contribution 1s noteworthy foi an mteresting and 
largely first-hand account of how the cstrous cycle 
of the ewe can be manipulated hormonally with the 
view of mereasmg fertihty , xt includes a short 
section on the ‘doe’ which, despite the ‘Shorter 
Oxford Enghsh Dictionary”, turns out to be the 
female goat The brevity of this section reflects the 
paucity of experimenta] work on this species and rb 
is the more surprising that a ten-year-old paper by 
the reviewer and his colleagues on out-of-season 
breedmg was overlooked J Mertes contributes a 
comprehensive review of mammary physiology with 
much of which the reviewer has little quarrel, though 
two pomts merit mention Even considermg that 
the chapte: must have been written nearly two years 
ago, 16 18 surprising to lean that somatotrophin has 
no major role m mammary growth, and also to see 
cogent evidence for a role of oxytocim in the release 
of prolactin dismissed so summarily 

A book of this nature must be considered as a 
whole rather than as a collection of isolated essays, 
and if ıt ıs to be successful, the editorial guiding hand 
must be all-pervadmg, if unobtrusive One criticism 
of the present book 1s that there 1s too little evidence 
of editorial co-ordination For example, posterior- 
pituitary hormones, principally oxytoom, are dealt 
with in several chapters but with little cross- 
referencing , the same applies to relaxin The value 
of the book to the reader would have been much 
enhanced had adequate cross-references been given 
in these and many other instances A number of 
other blemishes could have been elimmated by 
sterner editorial action There are infelicities such 
as the use of “beef” and “pork” to describe pituitary 
glands from the ox and pig (yet “mutton” is not 
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used for sheep pituitaries, as 1t, should have been for 
consistency), and the widespread use of the mept 
term 'let-down" which the reviewer thought he had 
knocked out twelve years ago, but which has per- 
sistently refused to he down ‘There are some incon- 
sistencies such as the use of “dog” rather than 
“bitch”, while the females of the ox, horse, sheep 
and pig are called “cow”, mare", “ewe” and "sow" 
Bibhographieal errors are also more frequent than 
they ought to be, particularly m Chapter 7 British 
readers are by now mured to what seems to be 
becoming standard American practice in the use of 
prepositions (two of the more starthng examples 
bemg “identical to” and “different than"), but in a 
book of this cahbre one would not expect to find a 
sentence like (p 163): “A hypothyroid monkey put 
on a very low thyroid dosage for a period of ten days 
always resulted m the return of menstrual function” 

The main justification for the publication of this 
book 1n face of the well-established and authoritative 
treatises mentioned at the begmning of this review 
must he m its emphasis on farm animals and its 
relatively modest price, which will bring 1t within the 
reach of the private purchaser Is this publication 
justafied ? On the showing of this first volume the 
reviewer thinks so, despite the criticisms mentioned 
above, and he 1s glad to recommend 1t 

S J ForuEY 


H/EMOGLOBIN AND SENSORY 
MECHANISMS 


Progress in Biophysics and Biophysical Chemistry 
Vol 9 Edited by Prof J A V Butler and Prof B 
Katz Pp vu+388 (London and New York Por- 
gamon Press, 1959) 105s net 


OLLOWING the present reviewer’s criticism in 
Nature of the previous volume of this series on 
the grounds that few of the articles matched up to 
the aims stated m the preface, the editors have 
prudently suppressed the customary preface m this 
volume Perhaps they need not have feared; their 
aims may well be achieved, for five out of the seven 
articles are written m such a way as to be intelhgible 
and interesting to non-specialists ın their subjects 
Two of these articles have the special flavour that 
only comes when a scientist with a flair for exposition 
describes the development of a subject he has him- 
self largely invented and contributed to These are 
F.J W Roughton on the kmetiecs of oxygen and 
carbon monoxide uptake by red cells and by solutions 
of hemoglobm, and W A H Rushton on visual 
pigments and their measurement 1n the living human 
eye The book opens with an enthusiastic and highly 
interesting account by Q H Gubson of the rapid 
reactions of hæmoglobin with gases The last article 
which can be recommended without reservations as 
to style or scientific content 1s that m which J A B 
Gray describes what 1s known of the way sensory 
endings, sensitive to mechanical change, convert 
mechanical energy into streams of nervous impulses , 
he illustrates the argument mainly from his own and 
his collaborators’ pioneer work on the Pacman 
corpuscle 
It would have been churlish to exclude the article 
by D A McDonald and M G Taylor on the hydro- 
dynamıcs of the arterial crreulation from the category 
‘mtelhgible and interesting', but after reading ıt I 
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found I was nob convinced either that thew problem 
was an mmportant one, or that they had advanced 
much towards a solution 

The two remaming papers are by A Peterlin on 
molecular dimensions and light scattering (fifteen 
pages of references) and by C de Duve, J Berthet and 
H Beaufay on gradient centrifugation of cell particles 
Both of these appear to be competent and clear 
descriptions of the theory and practice of them highly 
specialized techniques, which would no doubt bo of 
great convenience to anyone directly concerned 
But this volume 1s supposed to be about progress 
Is a technical description of the methods by which 
progress may have been achieved in the past and by 
which it 1s hoped to achieve ıt m the futwe any 
substitute for a errtical account of progress? It 
certainly makes very much duller reading than the 
real thmg Fortunately, there 1s plenty of the real 
thing m this mamly excellent work 

P A MERTON 
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COLOUR REPRODUCTION 


The Reproduction of Colour 
By Dr R W G Hunt Pp 208+10 plates. (London 
Fountam Press, 1957 ) 63s net 


HIS book expounds the prmeiples and the 
crucial technical devices of the processes used 

in colour reproduction ın photography, printmg and 
television Many of these processes are now extremely 
intricate—for example, the action of the couplers of 
various kinds used in colour photography and the 
coding and transmittimg of colour information on 
television wave-bands of lmuited width In the 
difficult task of explamimg essentials m an easily read 
text with clear and simple diagrams and a minimum 
of mathematics, the author has been highly success- 
ful. A course of lectures (Royal Institution, 1953) 
was the starting pomt and much of the freshness 
and intimacy of a good lecture style has been pre- 
served 

A common element Imking all the reproduction 
techniques ıs a dependence on the basic ideas of 
colorimetry and the perception of colour by the 
human eye, fields ın which Dr Hunt’s own researches 
are well known The exposition here 18 unexception- 
able and, most important, ıt has not been allowed 
to expand unduly so as to upset the balance of the 
work Colour reproduction techniques, m thew 
primitive form, are not capable—even theoretically— 
of giving exact reproduction, and much of what 
Dr Hunt has to say concerns colour correction 
methods the nme-page chapter on the general 
maskmg method m photography and the discussion 
of developments from Neugebauer’s analysis of dot 
mage reproduction ın printing are particularly 
informative brief-accounts The difficulties of assess- 
ing tho ‘quality’ of the final result ın colour reproduc- 
tion are well brought out, with emphasis on the 
inadequacy of a demand for a simple pomt-to-pomt 
correspondence with the orignal 

Although the book appears to be addressed mainly 
to a rather lay circle, that 1s to say, people having to 
do with colour pictures m various ways but not 
experts, ib ıs certam that many readers, knowledge- 
able in one area of the wide field covered, will find 
most useful this insight into related techniques In 
the quality of the coloured plate illustrations the pub- 
lishers have not failed the author W S STES 
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: Excursion Flora of the British Isles 
Jy ALR. Clapham, T. G. Tutin and E. F. Warburg. 
-Pp xxxiüid-079.* (Cambridge: At the University 
Press, 1959.) 22s. 6d. net. 
HIS volume has been developed from Clapham, 
Tutin and Warburg's “Flora of the British 
Isles”, published in 1952, by curtailing descriptions 
to little more than is needed for identification, by 
omitting all information not strictly relevant to 
identification, by omitting most of the rarer moun- 
tain species and by simplifying the aecounts of such 
critical genera as Rubus and Hieracium. The result 
-is very considerably to reduce the time taken in using 
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of wrong turns that a beginner can take. The book 
also is a bare three-quarters of an inch thick as 
against the solid two inches of the original. 

In practice, it has been found that even a beginner 
» ean identify plants satisfactorily with the aid of the 
excellent glossary, which has been retained from the 
—origmal work, and the authors must be congratulated 
most warmly on having produced such a practical 
book with up-to-date nomenclature and equally up- 
to-date information. In these ways their work is 
beyond criticism. There are, however, two gaps to 
be filed. The first is illustrations, and this could 
easily be filled by a companion volume taken from 
the illustrations to the larger volume, by Sybil 
Roles, Vol. 1 of which has already appeared. Her 
| line drawings, in this case with only one to the page 
and with only those species here included, would 
-mako an invaluable supplement. Our other need is 
` for a student's flora in Hooker's sense. The present 
-volume could easily be modified for this purpose by 
the addition of something comparable to Hooker’s 
synopsis of natural orders and natural arrangements 


of families. P. Fare 

-. Soil Chemical Analysis 

CBy Prof. M. L. Jackson. Pp. xiv+498. (Englewood 
Cliffs, N.J.: Prentice-Hall, Inc.; London: Con- 


. stable and Co., Ltd., 1958.) 57s. 6d. net. 


HE seventeen years that have elapsed since the 
publication of Piper's “Soil and Plant Analysis" 
have seen rapid advances in the subject of soil 
chemical analysis, notably by the widespread adoption 
_ of spectroscopic techniques, and a considerable need 
Tias. been felt in recent years for an authoritative 
up-to-date treatment of methods of soil analysis. Tt 
zis fortunate that Prof. Jackson has undertaken the 
task of meeting this need, because his diversity of 
"interests and long experience of the complex problems 
of soil analysis have enabled him to write a book that 
is much more than a collection of recipes. Within 
the compass of 500 pages he deals adequately with 
“nearly all the techniques employed in modern soil 
chemical analysis and also finds space for alternative 
|; methods of analysis, This coverage has been achieved 
"by judicious selection of methods and references, 
concise writing, and good organization of the subject 
Uomaterial (every paragraph is numbered to permit 
cross-reference), 

Tt is easy to criticize a book of this type, and some 
analysts will undoubtedly question the omission or 
inclusion of certain procedures. There are a con- 
siderable number of typographical errors, the index 
is rather inadequate, and the relevance of some of 
notations under the chapter titles is obscure. 
j /er, these, are minor defects, and this work 
deserves praise rather than criticism. The book is 
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well illustrated, reasonably priced and generally 
well produced, although a more suitab ype of 
paper could perhaps have been found for a book that 
seems destined to spend much of its life on laboratory 
benches. | 

This work is indispensable to anyone concerned 
with soil chemistry. It should be particularly welcome 
to teachers, beeause it includes Suggestions for a 
laboratory course, pertinent questions at the end. of 
each chapter, and admirably. concise diséussions: of the 
principles of various methods. | us jJ. M. BREMNER 
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symposium held . in Rio de: 
1957. It is very different from pre 
on curare and from the now familiar 
ferences of which the names-of the | 
almost be predieted from. the tith 
scope of the book and the large 
tributors from South American countries. are welcome 
innovations. The home countries of’ the curare 
alkaloids have provided specialists reporting 
botany, history and ethnology of curare, on 
methods used to prepare the poisoned arrows, on the 
survival in present days of the use of curare for 
hunting purposes, Other parts of the book deal with 
classical organic chemistry, pharmacology and clinical 
uses of curare and its synthetic substitutes; there 
are fascinating speculations on the receptor-drug 
interaction, which is no longer considered as a stable. 
equilibrium but as à dynamic process in. w : 
only the drug but also the receptor may 
deformation and therefore changes in the.co 
time. The book is well produced; the autora 
graphs (in P. G. Waser's article) of end-plate regions 
of muscle poisoned with decamethonium are par- 
ticularly beautiful. ManrHE Voor 














Outline of Historical Geology 
By A. K. Wells. Fourth edition revised with the 
assistance of J. F. Kirkaldy. Pp.xv--398. (London: 
George Allen and Unwin, Ltd., 1959.) 32s. net. 

K. WELLS'S "Outline of Historical Geology” 

. was first published in 1937, and was then intended 
as an introduction to the stratigraphy of Great Britain 
for the general reader presented in such a way as to 
stress the cultural or philosophical value of historical 
geology. Later editions, written with the assistance 
of J. F. Kirkaldy, enlarged the scope of the work to 
make it more suitable for the use of students reading 
for a degree in geology or geography. In the present, 
fourth, edition, further improvements and additions 
have been made. A new chapter has been included 
on the Pre-Devonian rocks of Scotland, which incor- 
porates the results of recent research on Highland 
stratigraphy and structure. New data on the Pre- 
Cambrian. of Shropshire, on the nature of the chalk, 
and on the Wealden ‘delta’ are also included among 
the revisions that have been made. Selected refer- 
ences now appear at the end of each chapter. Despite ' 
the pressure of new facts, the authors have contrived 
to maintain the emphasis on principles, in accordance 
with the aim with which the first edition was intro- 
duced, rather than the mass of detail into which the 
teaching of stratigraphy can too easily degenerate. 
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PREPARATION OF DIAMOND 


. By Das. H. P. BOVENKERK, F. P. BUNDY, H. T. HALL*, H. M. STRONG 
and R. H. WENTORF, jun. 


Chemistry Research Department, General Electric Research Laboratory, 
: Schenectady, New York 


T would be good to be able to write a paper entitled 
“The Preparation of Diamond”, in which all the 
factors affecting diamonds were nicely accounted for 
and the formation of diamond was completely ox- 
plained. But the work which has been carried out 
on this problem indicates that diamond can form in 
several different ways, and that stubborn mysteries 
still surround some of them. This article, therefore, 
3more of the nature of an interim report which 
escribes the salient features of the knowledge 
= obtained so far rather than a complete exposition 
- of diamond formation. 

All the observed cases of diamond preparation in 
our laboratory have oceurred at pressures and tem- 
peratures appropriate for the thermodynamic stability 

iamond. Fig. 1 shows a diamond-graphite 
‘librium curve. For temperatures up to 1,200° K. 
the path of the curve has been estimated by Rossini 
and Jessup!, Simon? and others from thermodynamic 
data. For temperatures between 1,500 and 2,700? K., 
the path of the curve has been determined experi- 
mentally by observations of the growth or disappear- 
ance of small diamond crystals immersed in suitable 


media’, 


Pressure (kilo atm.) 





0 1,000 2,000 3,000 4,000 
Temperature (* K.) 
Fig.1. Carbon phase diagram 


The experiments which form the basis for most 
of this article were usually performed in a tapered 
piston apparatus capable of very high pressures 
which enabled us to attain diamond stability at high 
temperature. Figs. 2a and 2b illustrate the tapered 
piston ‘belt’ apparatus which will be discussed in 
detail by H. Tracy Hall in à separate paper sub- 
mitted for publication. Many of the most promising 
systems were examined at several pressure-levels as 
appropriate apparatus was developed. Diamond 

* Now at Brigham Young University, Provo, Utah. 


does not always form where it is thermodynamically 
stable; this is what makes diamond synthesis so 
interesting. 

The chemical systems which were studied in con- 
nexion with diamond synthesis can be conveniently 
grouped as follows: (1) direct transition, graphite 
to diamond; (2) systems involving carbon and 
oxygen; (3) systems involving carbon as salt-like 
carbides; (4) miscellaneous chemical reduetions ; 
and (5) systems involving carbon dissolved in molten 
metals. 


(I) Direct Transition, Graphite to Diamond 


The driving force for this reaction is the increase 
of density upon going from graphite to diamond. On 
the other hand, the high heat of vaporization of 
carbon (more than 100 k.cal./gm. mol.) implies that 
a high temperature will be necessary before much 
reerystallization of the carbon occurs. Indeed, the 





Fig. 2b. 


Photograph of apparatus 
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usual range of temperatures for forming graphite 
industrially from petroleum coke, pitch, etc., is about 
1,800-2,400* C., and some carbons graphitize only 
slightly at temperatures: higher than these. 

Some studies made in this laboratory of the 
graphitization of diamond at 0-1 and 20,000 atm. 
showed that the graphitization began at 1,500- 
2,000° C., depending on the particular diamond, and 
that, in general, higher temperatures were necessary 
to graphitize diamond at 20,000 atm. than at 0-1 atm. 
From the change in rate constant with pressure, the 
volume of the ‘activated state’ was estimated at 
about 160 ¢.c./mol., and the rate of UE 
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the reverse reactions, graphite to diamond, it would 
be reasonable to expect a similar reaction mechanism, 
because the strong intra-sheet binding forces in 


graphite would tend to make each sheet behave as a 


unit (as happens in the formation of ‘graphite 
‘sulphate’ or potassium-graphite). Although the 
coherent sets of sheets of atoms (‘crystallites’) in 
graphite or various carbons contain perhaps only 
10* or 10° atoms, the pressure-volume energy of such 
a crystallite is large compared to kT at only moderate 
pressures (20,000 atm.). It is known that in some 
carbons the crystallites are rearranged only reluctantly 
to form commercial graphite even at 2,700° C. and 
l atm. Thus the effect of increasing pressure is to 
slow down greatly any recrystallization of solid 
carbon, and this slowing-down more than offsets the 
thermodynamic driving force toward diamond gained 
by increasing the pressure. Experiments in which 
graphite was heated at high pressure served to squeeze 
the microscopic voids from the material, so that its 
density became nearly the theoretical density of 
graphite, but no diamond was formed, even at 
120,000 atm. Perhaps diamond could crystallize 
from molten carbon at a sufficiently high pressure ; 
but supposing the melting temperature of carbon to 
be 4,000° C. at this high pressure, one would estimate 
by an extrapolation that the required pressure would 
be in the neighbourhood of 200,000 atm. (The 
increasing incompressibility of graphite with pressure 
indicates that the required pressure might be even 
higher than this.) Such an experiment has evidently 
not yet been performed. 


Systems involving Carbon and Oxygen 
systems aro attractive because they are 
versatile and tend to favour aliphatic 
rather than aromatic carbon-carbon bonds. The 


part in diamond formation, perhaps through a shift 
in the carbon monoxide — dioxide equilibrium. In 
spite of all these attractive features, only graphite 
or amorphous carbon ever appeared as products from 
these systems, with one possible exception. This 
exeeption was the reduction of lithium carbonate by 
lithium metal at high pressures. The carbonaceous 
residue gave a feeble Debye-Scherrer pattern for 
diamond and scratched glass in à way characteristic 
of diamond (tiny helical ehips were ploughed out of 
the scratches). A few tiny triangular faces, 1-10u. 
on edge, could occasionally be seen but not identified. 
Further experiments did not produce more abundant 
or larger crystals. 

Other systems which were examined included 
similar reductions of carbonates, oxalates or formates 
by metals ; the decomposition of iron, molybdem 
or chromium carbonyls either pure or in solutio 
stannie chloride or molten salts; the decomposition. 
of sugars and ketones; the electrolysis of mo 
carbonates ; or finally, the attempted solution 
transport of elemental carbon in various molten 
oxides such as borates, silicates, phosphates, ‘blue 
ground’, etc. 


t 
(3) Systems jig os Carbon as sara 
ide 


These systems are MM MS because they are 
comparatively rich in carbon, contain carbon atoms 
as free ions which could easily be built into a diamond 
lattice after a simple reduction, and are chemically 
active at low temperatures. However, only the X3 
pressure decomposition of lithium carbide b 
outward diffusion of the lithium ever LU 
potentially diamondiferous product. The 
from this decomposition gave a weak Deb 
diamond pattern, corresponding to a diamond content 
of about 1 per cent, and also scratched glass to leave 
the characteristic helical chips. 

Other more disappointing reactions included the 
decomposition 2MgC, — Mg,C, + C, the cyanamide 
reaction CaC, + N,—- CaCN, + C, the electrolysis 
of calcium or lithium carbides, and the substitution 
reaction SiC -+ Ge — SiGe + C. 


(4) Miscellaneous Chemical Reactions 


Carbon disulphide is thermodynamically unstable 
at ordinary pressures and temperatures. At pressures 
about 45,000 atm. and 400° C. it was found to change 
into the black solid described by Bridgman’. In 
combination with various metals used as catalysts 
or reducing agents, carbon disulphide changed into 
la carbon at higher temperatures and 

pressures. Similar reductions of chloroform, carbon 
tetrachloride or cyanides formed amorphous carbon. 

Hannay's method was tried, in which lithium, light 
hydrocarbons and  nitrogen-eontaining substances 
were heated together at high pressure. Again only 
amorphous carbons appeared The simple ron 
decompositions of various hydrocarbons yielded 
similar products, and no diamond. 


(5) Systems involving Carbon dissolved in 
Molten Metals 
'These systems turned out to be the most fruitful and 
also, unexpectedly, the most complex. 
In our early work, when available pressures Were 
still less than about 50,000 atm., some experiments 
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Fig. 4. Debye-Scherrer patterns 


were performed with molten aluminium, silver, and 
even iron. Of course, iron dissolved carbon in appre- 
ciable amounts; but the carbon which was pre- 
cipitated from it was in the form of graphite. No 
matter how careful the change or how great the 
fluctuation of temperature, when the pressure was 
less than 50,000 atm., only graphite resulted. In 
view of this, it is difficult to see how Moissan's claim 
to have formed diamond from molten iron-earbon 
mixtures inside his quenched iron could be sustained, 
have reached at most only 10,000 


since he could 


atm.*., 
A number of experiments were performed using a 


metallic catalyst and carbonaceous material. One of 


the first experiments carried out involved heating 
some seed diamond crystals, iron and a carbonaceous 
steel-carburizing compound for 16 hr. at about 
53,000 atm. and about 1,300° C. (Fig. 2c). 
this there appeared two new diamond fragments 
with developed crystal faces, each of which was 
larger than any of the seed crystals. The identification 
was made by hardness tests and an X-ray diffraction 
pattern (Figs. 3 and 4). Attempted repetitions of this 
experiment did not produce diamond. However, it 
now appears that the iron carbon system is quite 
complex at high pressures and temperatures. Several 
solid them FeC, Fe,C, 
graphite and diamond ; but which one happens to 
form depends upon slight variations in temperature, 
temperature change or chernical composition. Even 
at 100,000 certain temperature programmes 


phases can form, among 


atm., 
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will not permit any diamond to form from iron-carbon 
mixtures, 

Shortly afterwards, a mixture of iron-rich iron 
sulphide together with carbon and tantalum, as 
shown in Fig. 5, was heated at about 1,600° C. at 
about 95,000 atm. The heating time was short, less 
than 10 min. On the tantalum end disks there 
formed tantalum carbide, and on top of this lay a 
blaek crusty layer of small diamond crystals (Fig. 6). 
They were identified by their hardness, combustibility 
and X-ray diffraction pattern. The experiment was 
successfully repeated many times. 

Soon other substances were found to be effective 
as catalysts for the conversion of carbon into diamond 
at pressures ranging from 55,000 to 100,000 atm., 
and temperatures ranging from 1,200 to 2,400 C. They 
were chromium, manganese, cobalt, nickel, palladium, 
platinum, etc., or compounds which would react to 
give the free metals under these conditions, for 
example, nickel oxide, ferrie chloride, etc. 
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After many experiments it became possible to list 
some of the conditions peculiar to the formation of 
diamond. 

(1) The pressure and temperature of the system 
should be those for which diamond is thermodynamic- 
ally stable. 

(2) The temperature must be high enough to ensure 
that the catalyst metal, saturated with carbon, is 
molten. 'Thus the intersection of the melting line of 
the metal — carbon eutectic with the graphite — dia- 
mond equilibrium line sets a lower limit on the 
temperature and pressure which can be used to form 
diamond with a particular catalyst. In Fig. 7 the 
diamond-growing region is shown as a shaded area 
on the pressure — temperature diagram. 
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(3) The eatalyst metal can be chromium, man- 
ganese, iron, cobalt, niekel, ruthenium, rhodium, 
palladium, osmium, iridium or platinum. Tantalum 
is particularly effective for inducing the growth of 
small diamond crystals, although in some cireum- 
stances it may not be as catalytically active as the 
other metallic catalysts. 

(4) New diamond can form whether diamond seed 
erystals are present or not. 

(5) As the synthesis pressure and temperature are 
moved further into the diamond-stable region away 
from the graphite-diamond equilibrium line, the rate 
of nucleation and growth of the diamonds increases 
and their average crystal-size decreases. 

(6) The diamond can grow at very high rates, at 
least 0-1 mm. per min. 

(7) The actual transformation from carbon to 
diamond occurs across a very thin film, about 0*1 mm. 
thick, which separates the carbon from the diamond. 
Thus the transformation is almost ‘direct’, but the 
catalyst is essential (Fig. 8). So far it has been found 
to be very difficult to grow diamond buried in molten 
catalyst even 1 mm. away from the source of carbon. 

(8) Although the main driving force for the forma- 
tion of diamond is the thermodynamie potential 
difference between graphite and diamond, tempera- 
t gradients can accelerate diamond growth due 

ependence upon temperature of the solubility 
n in the catalyst. 
The kind of carbon used as a starting material 
has an effect on the kind and number of the diamonds 
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Vig. 8. Diamond growth from graphitic carbon 


formed, Good results have been obtained in making 
diamonds employing ordinary commercial graphite 
as the starting material. Other carbonaceous material 
may be employed as the source of carbon, such 
carbon black or a sugar charcoal; but graphite is 
preferred. 

(10) Sometimes graphite forms from a carbon-rich 
melt, particularly when the melt freezes, even though 
the pressure and temperature are appropriate for 
diamond stability. Diamond may or may not form 
at the same time. Apparently the formation of 
diamond is not a simple process. 

(11) The diamonds easily include or grow around 
foreign particles present in the mixture, particularly 
at high rates of growth. Often some of the catalyst 
metal will be thus trapped in a diamond crystal. 

(12) The diamond crystal habit varies according 
to the temperature of formation. Cubes predominate 





Fig. 9 
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Fig. 10 
at the lowest temperatures, mixed cubes, cubo- 
octahedra and dodecahedra at intermediate tem- 


peratures, and octahedra at the highest temperatures. 
No tetrahedra have been found. At high growth- 
rates, octahedra are frequently twinned through an 
octahedral face as a mirror plane. Growth terraces 
or steps are common on the diamond crystals, but 
no growth spirals have been found so far. The colour 
varies from black at low temperatures through dark 
groen, light green and yellow, to white at the highest 
temperatures. In many cases, the eolour does not 
depend on the partieular catalyst used but on the 
operating temperature relative to the melting point 
of the catalyst-carbon mixture. Green and yellow 
colours seem to be associated with imperfections in 
the diamond crystal lattice rather than with the 
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Fig. 11 


presence of a specific impurity. Many of the physical 
characteristics of natural diamonds have been 
duplicated in the laboratory’. 

Some photomicrographs of various synthetic 
diamond crystals are shown in Figs. 9-11. 
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A REPRESENTATIVE OF A NEW GROUP OF BACTERIA 
By Pror. E. G. PRINGSHEIM 


Pflanzenphysiologisches Institut der Universitat, Gottingen 


PECULIAR organism, the nature of which 
A puzzled me much at first, was observed in 
putrefaction cultures inoculated with a small quantity 
of soil from a dried-up pool not far from Cape Town, 
South Africa. It contained fragments of twigs and 
rock along with powdery earth. This soil sample 
had been very kindly sent to me by Dr. M. A. Pocock, 
Rhodes University College, Grahamstown, with the 
idea that it contained colonial Volvocaceae. This 
was the case: Volvulina, a mixothrophic member of 
the* Volvocaceae, together with species of Chloro- 
gonium, Coccomonas (or Dimorphococcus), an unde- 


scribed species of Lobomonas, an interesting species of 
the Polytomeae, and others turned up under suitable 
conditions. 

Successful cultures were prepared in the following 
way: a quarter of a dry pea was put on the bottom 
of a test-tube, covered with clay soil and water and 
heated in a steam chamber for 1 hr. on two con- 
secutive days. The following morning, or later, 
inoculation was done with a small amount of the 
original soil. i 

The culture was kept in the light. Other mixtures, 
such as grains of barley, bits of cheese, a little starch, 
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different kinds of soil instead of clay soil, did not 
produce | same interesting type of biological 
comm ; but only a much more seanty growth 
without Volvocaceae and the new organism here 


The original soil, even in much greater quantity, 
with water or a dilute mineral nutritive solution and 
m elements, was T" produetive. This is 
noteworthy, bedàuso i is o general application. It 
shows that the soil sample no hee contained 
eee ne sabaences whieh had originally pro- 

the mixed population, the resting stages of 

which regained vitality in the tubes prepared as 

pe It one ps sg that heating of the clay 

. soil is necessary for these organisms to find suitable 
src for growth. 

all other instances the various organisms 

Sen in such putrefaction cultures could be 

^ maintained indefinitely by inoculating them into 

identical tubes without the original soil, in series. 

Not so the new organism, i of aah wi vee 


In the original culture tubes the peculiar organism 

in question was observed in considerable quantity 

. near the surface of the soil-mud. The experiment 

ME eret several times with the asime 

similar soil samples from the Cape Flats, but 

only when light was admitted did the new organism 

4 . It consisted of translucent, almost spindle- 

p : tapering at both ends when in- 

with low magnification inside the culture 

l Later, the new organism swarmed in the 

e regions, too, but the water never really teemed 

wt hans peared apelin npa 
. were always present. 

* For me investigation, specimens of the organism 


einai at low pena was at high power 
seen to be composed of long filaments, some of lien them 
Gtk, auc (niil to for. ooluial Drones. These 
were broadly spindle-shaped, often somewhat flat- 
tened, with" both poles tapering but not strictly 
inted (Figs. 2-5). Tho individual filaments arranged 
parallel to one another, though con- 
not all terminate at the same point. 
pressure of the cover-slip they tended to 
spread, the filaments separating (Fig. 11). Indian 
ink penetrated between the units of the colony. 
. There is, therefore, no gelatinous matter surrounding 
the whole or glueing the filaments together. 
ure united in bundles (fasciculus) and have a trans- 
lucent, pe appearance. The organism will there- 
called Fasciculus limpidus. 

In suitable conditions the colonies moved along 
their axes, rotating as flagellates generally do. They 
did not glide along solid surfaces but swam freely 
through the water, though more slowly than infusoria 
or even the majority of flagellates usually do. 

The motile colonies may aggregate chemotactically. 
This became apparent when a quantity of culture 

in a watch glass was inspected for a longer 
d. Various motile organisms, such as Spirilla, 
infusoria and Coccomonas-cells, assembled 
debris particles, were followed by the colonies 
our organism, most of which aggregated after some 


in 
3 
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Fig. 1. Individual components of colony mechanically isolated, 
mo of them with spores. 2, Small, narrow colony. 3 » 
ny. 4 aud mall, frayed colonies. p. eaa 


ony separa! 
cover-slip. (Fig. 1, x 1,000 ; others, x 


time at certain points. In such open watch glasses, 
contained in a Petri dish, Fasciculus, poured from a 
test-tube culture, together with other members of 
the community, kept only for a few hours and could 
not be identified the following morning, while Vol- 
vulinopsis and the others kept moving for a whole 
week. A probable inference is that Fasciculus is 
micro-aerophil, an idea strengthened by our experi- 
ence and observations with cultures. 

The shape and appearance of the colonies varied 
(Figs. 2, 4, 5). Apart from the large closely-knit 
spindles with only slightly frayed ends, there were 
smaller and narrower ones, and occasionally, though 
rarely, slightly bent, slender rods which, judging by 
their optical appearance, belonged to the same 
organism. Sometimes two narrow spindles cobering 
at one pole were seen (Fig. 6). , presumably 
older, colonies had a constriction in the middle, and 
the filaments were twisted (Figs. 3, 8). The waist 
is believed to indicate an imminent partition of the 
colony. 

Cells shorter than the total length of the colonies, 
and others which divided like bacteria, could often 
be observed. There is little doubt that the units 
divide after reaching a certain length, and that the 
daughter cells glide along one another to increase the 
width of the colonial bundles. I did not, however, 
find any signs of individual filaments breaking loose 
from the colonies and starting new ones. 

The main mode of reproduction is by spore forma- 
tion. In older cultures, colonies were found which 






^ speeiatión into ever new branches. 
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were more limpid than young ones. Only their out- 
lines were readily observable, while the inner parts 
of the spindle were optically almost empty except 

for small cylindrical bodies which by their high 

"yefractability, particularly in dark-ground illumina- 

‘tion, revealed their nature as bacterial spores (Figs. 
7, .8) This was confirmed by their capacity for 
retaining the fuchsin stain on treatment with acid 
aleohol. 

.. Later on, transition stages in spore formation were 
also found in colonies in which the filamentous cell- 
units were still readily visible. Not all of these formed 
spores. ‘The spores were usually close to the middle. 
Their shapes varied from almost oval to, more com- 

‘monly, cylindrical. Their width was about 1-5y, 

“their length 5—7u. 

These spores are no doubt the reproductive units 
responsible for the development of Fasciculus from 
completely dry soil. Their germination could, unfor- 
tunately, not be observed because of the failure to 
cultivate the organism and to separate it from other 
organisms. It is very peculiar that the individual 
cell margins vanish almost completely during spore 
formation, although the whole colony continues to 
swim about, and its outlines remain clearly visible 
(Figs. 7, 8). 

2 The structure or nature of the filaments composing 
the large spindles is also different from that of most 

bacteria. As already mentioned, optically the 
organism is fainter than other organisms. In dark. 
ground illumination it becomes more distinct, and 
the outlines of the filaments show more clearly than, 

for example, the outer membranes of Myxobacteria. 
These filaments are believed to be cells. They are 
2g across and about 50-100, in length. They stain 
with fuchsin and methylene blue, but, in accordance 
with their low refractability, not strongly. They do 
not keep the Gram stain, contrary to most bacterial 
spore-formers. Only the membranes of the spores 
were stained ; they were also more deeply coloured 
when treated with the Ziehl-Neelsen technique. 
The mode of locomotion, rotating and swimming 
freely through the water, recalled that of flagellates 
or large bacteria. I did not succeed in demonstrating 
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flagella with the help of Loeffler’s technique, of 
Deflandre's nigrosin method, or dark-ground illum- : 
ination. Quick drying on fat-free cover-slips or fixing 


with osmium tetroxide vapour or iodine or Schaudinn’s 
mercury chloride fixation did not make any difference.” 


But I believe this failure was somehow due to ine | 


adequate technique, and do not doubt that flagella 
do exist, since the impression:of the swimming move- 
ment scarcely allows of any other interpretation. 

If this were so, we would have another example of 
an ‘organized’ bacterial colony as earlier described 
for Vannielia aggregata!. This belongs to the Athio- 
rhodaceae, a family where colony formation had not 
been known to exist. There, also, many cells are 
aggregated to constitute a composite unit driven . 
through the water and rotating by co-operation of'. 
the flagella ; but here the similarity ends. While in 
Fasciculus the units of the colony are long, tube-like 
structures, those of Vannielia are rod-shaped cells 
radiating from the centre of the colony. Another 
motile bacterial colony is that of Chlorochromatium 
aggregatum, where again the arrangement of the . 
individual components is quite different. Only one * 
relatively large, central rod possesses a flagellum _ 
responsible for the movement of the eolony, while 
the yellowish green small outer cells only adhere to 
the actively swimming central rod. us 

It is not possible to include Fasciculus in one of- 
the taxonomic groups of the Bacteria. Very long: 
tubiform cells are known in Lineola*, but this genus” 
does not form colonies, and the production of spores ^ 
and the appearance of the cells are different. In 
Lineola droplets and other contents are visible under 
the mieroscope, and the staining with various dyes 
is quite normal for a bacterium. Fasciculus is much 
less stainable and the inner part of the cellis almost.” 
empty optically. Moreover, the ecological conditions 
in which the new organism thrives seem to be 
peculiar. A better insight into its nature could only 
be obtained by cultivation. I will gladly. supply 
portions of dry soil to baeteriologists who are inter- 
ested in this creature. 
3Pringsheim, E. Q., J. Gen, Microbiol., 18, 285 (1955). 

* Pringsheim, E. G., J. Gen. Microbiol., 4, 198 (1950). 


BIOLOGICAL PROBLEMS ARISING FROM THE CONTROL 
OF PESTS AND DISEASES 


MHE Institute of Biology has developed a tech. 
vul nique for cutting through the hedges which grow 
up between. fields of knowledge as biology undergoes 
One of the 
"methods of doing this used by the Institute is to 
arrange symposia for which the subjects and speakers 
are chosen with considerable care. Thus, before even 
a word was spoken in the Royal Geographical 
Society’s well-filled lecture hall on October 1, a look 
around indicated a successful meeting, for there were 
many well-known specialists in different fields who 
seldom previously have found themselves sitting in 
one room. The subject of this two-day symposium, 
namely, “Biological Problems arising from the 
Control of Pests and Diseases", is one of wide and 
topical interest. The speakers, including those who 
contributed to several stimulating discussions, were 
economie entomologists and botanists, medical men 


and veterinarians, psychologists and humanitarians, | 
in addition to academic biologists. 

The symposium was arranged in four sessions, 
each under a different chairman. This arrangement. 
divided the subjeet rather broadly into problems 
associated with arable agriculture, animal husbandry; 
human disease and health, but the matter presented . 
tended to transcend any grouping. | I6 became 
apparent that there are many connecting threads 
between, for example, the drug resistance developed 
by bacteria and the stimulation to growth of animals 
consequent on small additions of antibiotics to their 
diet, that the consequences of malaria control react 
quickly on the ecological problems of crop. and 
animal pests through changes in human needs, and 
that too rigid a control of mental deficiency m 
have a retarding influence on science and art. Several 
facets of the discussion pointed to the human being 
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as the greatest pest of all One speaker was bold 
enough to suggest that every pest and disease worthy 
of the name was, m fact, a human artefact, and 
given time he might convert almost every surviving 
wild organism into a pest Although some would 
scarcely go so far, there were several expressions on 
the value of mamtamimg at least some areas of the 
world m a natural or semi-natural state Thus, m 
the problem of controlling agricultural pests, reference 
was made to Elton’s plea for ecological diversity if 
only to provide reservors of the predators and 
parasites of pests. 

The stage was set by Mr F C Bawden, charman 
of the first session, who directed attention to the 
unexpected and sometimes undesirable results which 
follow action agamst any particular pest or disease 
of importance in agriculture The control of one 
may let m another He was unable, however, to 
quote any case where the secondary trouble had 
resulted in greater economic loss than the primary 
one, and therefore concluded that on the whole there 
was always a net gam This theme was taken up by 
Mr A H Strickland, of the Ministry of Agriculture 
and Fisheries Plant Pathology Laboratory at Har- 
penden He provided a valuable assessment of recent 
work with insecticides, but neglected the classical 
work of biological contro] beeause 15 was well covered 
in a recent survey by Prof G C Varley m a paper 
before the Royal Society of Arts He mstanced cases 
where eradication of species had been attempted, 
such as the Colorado beetle from Europe and the 
Meditenanean fruit fly, which has twice been intro- 
duced into and eradicated from the United States , 
and he pointed out that in Britain no less than a 
fifth of the acreage of root and some vegetable crops 
is treated annually with insecticides as a routine 
measure ‘To those—mcludmg many farmers—who 
deplore the very widescale use of msecticides and 
herbicides as an excuse for sloppy husbandry, Mr 
Strickland had some encouraging words about recent 
studies of the manrpulative possibilities such as 
physical control of the soil by rotovation, and the 
adjustment of spacmg m sowing and plantmg which 
can render crops unattractive to pests or stimulate 
the crop to grow away 

Dr. T J Martm, of the Research Station, Long 
Ashton, dealt with the direct risks to man arismg 
from the fact that fifteen out of the forty-two or so 
insecticides and fungicides m common usage are m 
the highly toxic category Study of the risks to 
spray operators led to the Agriculture (Poisonous 
Substances) Regulations of 1956, and, m spite of some 
accidents, 16 seems that the risks to the consumers 
of crops which have been subjected to a variety of 
toxic sprays are under control, at least m Great 
Britam Discussion revealed that, with the exception 
of arsenic, for which there 1s a legal tolerance, the 
use of any spray on the land 1n Britan 18 entirely at 
the discretion of the manufacturer and the farmer 
Neither Dr Martin nor any other speaker was in a 
position to deal with the mfluence of toxic materials 
on wild plants and animals or on game, although 
these largely unknown but important influences were 
doubtless in mind It ıs abundantly clear that there 
is to-day a heavy responsibility falling on entomo- 
logists and botanists to obtam and interpret 1nforma- 
tion on the selectivity and tolerance-levels of these 
chemicals, m order to give advice to manufacturers 
and users on formulations, dosages and methods of 
application in such a way that indiscrimmate 
slaughter can itself be brought under control 
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Mr F G H Lupton, of the Plant Breeding 
Institute at Cambridge, set a different note by 
deseribmg some striking successes in controllmg 
diseases through genetical resistance or tolerance , 
but he mentioned that all too often the plant breeder 
1s called m only when other methods have failed 
Among other examples he described the dmg-dong 
race which was started m 1912 by Sir Roland Biffen 
and 1s still m full ery between the genes of newly 
evolving races of the rust fungus and resistant genes 
of wheat sorted out by plant breeders The series 
Marquis — Ceres — Thatcher — Pilot — Selkirk have so 
far kept ahve the economy of the Great Plams, but 
the race 1s still neck-and-neck 

The second session introduced several problems 
from overseas Thus, Mr M Crawford, of the 
Commonwealth Bureau of Animal Health at Wey- 
bridge, emphasized that eradication of a killmg 
disease of livestock, such as rinderpest, could lead to 
harmful effects from over-population, over-grazing 
and malnutrition if achieved among peoples who 
regard stock as & social or religious asset without 
economic controls Such experience was referred to 
also by Mr W H Potts, formerly of the Colomal 
Service, with reference to the control of tsetse flies 
and trypanosomiasis He was not, however, prepared 
to support the tendency m recent years to hail the 
tsetse fly as the preserver of the Afiican soi from 
destruction by man This theme, like the earher one 
on controlling agricultural pests, led to discussion 
on the advantages or disadvantages of ecological 
diversity as & background for the economic use of 
land There is, for example, evidence that m the 
African semi-arid bush the broad spectrum of wild 
indigenous fauna, fully adapted to living off the 
indigenous vegetation at all levels, could, under 
proper systems of management and annual croppmg, 
produce human food little 1f any less than 1s produced 
by the narrow spectrum of exotic domestic stock At 
least there is a case for spending money to explore 
such possibilities m selected areas, rather than to 
spend all that 1s available on the blind eradication 
of wild-life and tsetse flies 

The control of human diseases m tropical areas 
was the subject of two contributions, by Prof T 
Davey, of the School of Tropical Medicme at Laver- 
pool, and Sir Gordon Covell The latter mentioned 
that durmg the World Health Organization campaign 
there were two hundred teams working m India, each 
of which looked after one millon people. Despite 
such campaigns, the Organization’s figures show that 
the annual loss from malaria is still a vast one The 
uprovement of physique and of work undertaken 
by persons m malarial areas is marked, followmg 
control There is normally some resistance to malaria, 
but this resistance 1s only local, so that an mflux of 
persons from another district may result m severe 
outbieaks Although Sir Gordon did not say so, thus, 
of course, was known m England durmg past cen- 
turies, when i6 was noted that a wife from outside 
taken into such malarial areas as the Fens or Hundred 
of Hoo was liable to die within a short time, whereas 
the locals were in balance with their disease 

Prof Davey dealt more with the sociological 
problems expected as a result of the control of such 
diseases as malaria, and pomted out that nowadays 
in India the excess of births over deaths is some 
15,000 a day In discussing birth control as the 
biological remedy, he mentioned that certam classes 
aro more amenable to birth-control methods than 
others, and that m a low-level subsistence type of 
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society every additional member of the famuly gives 
another worker, and so a better chance for survival 
Where social conditions are better, each additional 
mouth ıs a hability rather than an asset Thus the 
lower the subsistence-level the greater the birth-rate 
tends to be 

Dr E Slater, of the National Hospital for Nervous 
Diseases, raised some interesting pomts about the 
genetics of mental disease, and pomted out that the 
discovery of new methods of treatment enabled 
certam diseases which are transmitted genetically as 
dommants to increase therr proportion m the popula- 
tion This was sunply done by overcoming the 
biological disadvantages which these dominant genes 
will contam, provided no treatment is given Among 
the interesting points he made were that the manic- 
depressive type of patient is met with ten times as 
frequently among scientists as among the rest of the 
population This may be a question of erther cause 
or effect | Schizophrenics are found particularly 
among artists, and in these patients fertility is only 
70 per cent that of normal There ıs a possibility 
that this disease may be associated with some genetic 
advantage The question whether certam types of 
mental defective should be stemlized is difficult 
because it 1s possible that workers m, for example, 
the artistic and scientific fields, may show improved 
output over the normal if they have some minor 
degree of mental disease 

The problems which arise from drug-resistance mn 
bacteria were treated in & sparkling contribution by 
Dr Mary Barber, of the Postgraduate Medical School, 
London She pomted out that not all bacteria have 
taken the massive attack by antibiotics ın climeal 
medicine lying down, in the case of Staphylococcus 
dvogenes, drug-resistant strains are now the major 
bacterial scourge in hospitals all over the world 
Resistant strains of bacteria may be drug-tolerant or 
drug-destroying, and ın certam cases may even 
become drug-dependent Evidence pomts to the 
resistance being genetic rather than adaptive, and 
that penicillm, for example, has caused a prodigious 
evolution m the population structure of Staphylo- 
coccus by simple selection Those strains carrymg 
resistant genes which formerly were present m a tiny 
proportion have now increased to 60 or 70 per cent 
of the population m most hospitals The same 
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principle applies in the case of insect resistance to 
the new synthetic msecticides, as explamed by Dr 
J R Busvme, of the London School of Hygiene and 
Tropical Medicine In more than a hundred harmful 
msects resistant strams have occurred, and m some 
cases the mheritance of the 1esistant trait has been 
Shown to be of a normal Mendelian type Whether 
the trait is ‘physiological’, which 1s immune to the 
poison, or ‘behaviouristic’, which manages to avoid 
it, 10s emergence seems to constitute greatly acceler- 
ated evolution on essentially Darwinian Imes. Dı 
R Brande, from the National Institute for Research 
in Dairying at Shinfield, spoke on the recent expert- 
ments which show that very small amounts of anti- 
biotics added to the diet of domestic animals merease 
growth-rate up to 10 per cent and the efficiency of 
food conversion by from 3 to 5 per cent He explamed 
that economic advantage of this phenomenon is bemg 
taken now on quite a large scale im the United 
States, although the biological reasons for rt are as 
yet m the realm of conjecture 

The last contribution to the symposium was by 
Dr G C L Bertram, from Sb John’s College, Cam- 
bridge, who spoke of ‘ethical’ or deliberate selection 
m mankind as having supplanted natural selection 
He sketched the sequence of events which led to a 
doubling of the human population m the past eighty 
years or so, and the probability that ıt will double 
again durmg the next forty years—European domm- 
ance, followed by reduction of strife, the development 
of hygiene, and the control of biological competitors 
Human compassion has led to death control, and 
now 18 the time for a great extension of birth control 
as a further expression of the freedom of choice by 
the individual Having accepted Sır James Gray’s 
concluding thought expressed m his presidential 
address at the York meeting of the British Associa- 
tion that man now has the mtelhgence and the 
knowledge to control his own destiny, the question 
has still to be answered what that destmy ıs In a 
cynical moment, Dr Bertram compared modern man 
with a drunkard ridmg a runaway horse, whereas 
Dr A S Parkes, who guided this final session from 
the chair, expressed the hope that our freedom of 
choice would never become so wide that we would 
ourselves have to decide whether or not to be born 
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ILLNESS 


By Pror S ADLER, O B.E, FR S 


Department of Parasitology, Hebrew University, Jerusalem 


ARWIN'S illness, which practically amounted to 
forty years of invalidism, has given rise to con- 
siderable speculation The doctors who treated him 
could find no physical explanation. for his distressing 
symptoms and apparently concluded that he was a 
hypochondriac 
Darwin, whose suffermgs were very real, complamed 
m a letter to Hooker “many of my friends I believe 
think me a hypochondriac” Commenting on thus, 
the late Sir Arthur Kerth!, m his book “Darwm 
Revealed”, remarks emphatically “Darwm was a 
hypochondriac, a very real one n 
Hubble? states that “it 1s apparent that his diness 
bears the unmistakeable marks of an emotional 


disorder” and adds, “his psychoneurosis may be 
regarded as an adaptation to his environment which 
nourished and protected m the highest degree his 
uncommon genius" This author? justifies his 
diagnosis on the basis of Darwm’s family history 
He rightly pomts out that Darwm’s wife was an 
exceptionally devoted nurse and his son showed a 
tendency to hypochondria It may, on the other hand, 
be argued that the above qualities were acquired 
and not mberent, chronic mnvalidism m the head of 
a family, whatever its cause, has psychological con- 
sequences and may well mduce m the mother a strong 
tendency to nurse and protect, and m the younger 
members of the family an exaggerated fear of disease 
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Good‘ invokes psycho-analysis and considers the 
whole of Darwin's symptoms as a reaction to his 
father’s autocratic personality He goes so far as to 
say, "Darwins pumshment for the unconscious 
patricide was a heavy one—almost forty years of 
severe and eripphng neurotic suffermg which left 
him at his best fit for three hours’ daily work" 

Kerth accepts the unconscious as responsible for 
al Darwm’s symptoms “In Darwin’s case the 
voluntary parb of his brain seems to bave too easy 
and too free an access to his mvoluntary part 
Therem I believe hes the source of all his Jls " Never- 
theless, 1n referrmg to one episode of 1873 he writes, 
"I mfer this to be an attack of true angina of the 
heart" 

A purely psychological aetiology for Darwin’s 
illness cannot be accepted as conclusive until all other 
factors have been ehmunated Gaylord Simpson* 
has recently suggested that Darwin suffered from 
brucellosis There is no direct evidence to refute or 
prove this theory 

It ıs obvious that all attempts to explam Darwm's 
symptoms must be based on a detailed analysis of 
the events recorded in the voyage of HMS Beagle, 
because there is nothing of any medical significance 
prior to the voyage which could throw hght on his 
subsequent illness As Lady Barlow’ rightly remarks, 
“Charles Darwin’s forty years of mvalid existence 
moreover were an unexpected sequel to his youthful 
vigour, for his strength and endurance were well above 
the average, as Captam Fitzroy has recorded m his 
account of the various meidents durmg the Beagle 
voyage” 

Darwin was & dedicated geologist and throughout 
his whole life mamtamed the keenest mterest m this 
subject Nevertheless, at the age of thirty-three, 
he was compelled to abandon field work m a favourite 
subject because he found by experience that the 
physical effort ıb entailed exhausted him Is ıb 
reasonable to ascribe this sacrifice to a belated reaction 
to a domineering father ? 

There 1s one very important pomt m Darwin’s case- 
history which writers on the subject have apparently 
overlooked 

In “The Journal of the Voyage of HMS Beagle", 
Chapter 15, Darwin (March 25, 1835) writes “We 
slept m the village of Luxan which 1s a small place 
surrounded by gardens and forms the most southern 
cultivated district in the province of Mendoza , i6 18 
five leagues south of the capital At mght I exper: 
enced an attack (for ıt deserves no less name) of the 
Benchuca a species of Reduvius, the great black bug 
of the Pampas It is most disgusting to feel soft 
wingless insects about one inch long erawlng over 
one’s body Before sucking they are quite thin but 
afterwards they become round and bloated with 
blood, and m this state they are easily crushed " 
Darwin observed ‘Benchucas’ for at least four months 
and he fed one specimen on a ship’s officer “This 
one feed for which the Benchuca was mdebted to 
one of the officers kept it fat durmg four whole 
months, but after the first fortnight ıt was quite 
ready to have another meal ” 

The “great black bug of the Pampas” which 
attacked Darwin m Luxan can be no other than 
Tratoma «nfestans, which has become adapted to 
human habitations and feeds on man and domestic 
animals throughout extensive regions m South 
America Iti8 the most important vector of Trypano- 
soma cruz, the causative agent of Chagas’s disease, m. 
the Argentine, Chile and parts of Brazil ‘The pro- 
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vmoe of Mendoza has a relatrvely high incidence of 
Chagas’s disease, and according to South American 
colleagues with whom I discussed this problem at the 
recent congress on Chagas’s disease held in Rio de 
Janeiro durmg July 5-12 [see p 1114 of this issue 
of Nature], as many as 60 per cent of the popula- 
tion in parts of Mendoza give a positive com- 
plement-fixation test for T cruz» and as many as 
70 per cent of specimens of Triatoma infestans are 
mfeeted with the trypanosome Darwm was there- 
fore definitely exposed to infection on at least one 
occasion It ıs highly probable that he was also 
exposed on other occasions, but he particularly noted 
the incident m Luxan because of the mtensity of the 
attack of Benchucas , parts of Chile through which he 
passed show a 10 per cent positive complement- 
fixation test m the population together with a con- 
siderable mfestation with infected Tratoma «nfestans 
We must also bear in mind that Chagas’s disease has a 
very wide distribution m South America from Chile 
to Mexico (recently a few cases have been recorded m 
Texas) and the province of Mendoza 1s an area of 
relatively high mfestation 

The meident in Luxan cannot, however, explam 
Darwin’s previous seven weeks severe illness during 
September and October 1834 which confined him to 
bed in Valparaiso and commenced during the last 
week of a sıx weeks journey Unfortunately, no 
cehnieal details of this episode are available Keith 
writes, “As to the nature of this iliness I do not 
know of any exact information but typhoid fever is a 
very probable diagnosis" There is not the slightest 
suggestion of an emotional cause for this meident 

The compheations and sequele of Chagas’s disease 
have been studied ın detail by some of the ablest 
South American pathologists and chmcians, particu- 
larly m Brazil, the Argentme, Chile and Uruguay, 
and considerable literature on this subject 18 now 
available Particular attention has been paid to the 
clmical and pathological aspects of the myocarditis 
which appears m some victims of the disease Darwin’s 
exhaustion after physical effort can well be explamed 
on the basis of an infection with T' cruzs 

At the above-mentioned congress a number of 
Brazihan pathologists and clinicians maimtained 
that apart from, and m some cases m the absence 
of, cardiac complications, Chagas’s disease may be 
associated with clinical signs related to the ahimentary 
tract, particularly the cesophagus, colon and stomach, 
as a result of damage to Auerbach’s plexus They 
based their conclusion on the high medence of positive 
complement-fixation tests m patients with symptoms 
related to these organs ‘There was no unanimity on 
this pomt because although many such cases have 
been found in Brazil, few or none have as yet been 
recorded from the Argentine 

It ıs obviously umpossible to prove that Darwm was 
a victrm of Chagas’s disease but two pomts cannot be 
overlooked - (1) his symptoms can be fitted into the 
framework of Chagas’s disease at least as well as into 
any psychogenic theory for them omgm, (2) 16 ıs 
possible to pin-point with certamty a definite incident 
on March 25, 1834, durmg which he was exposed to 
optimal conditions for mfection with T cruze 


1 Keith, A, “Darwin Revealed” (Watts and Co , London, 1955) 

* Hubble, D , Lancet, 244, 129 (1943) 

5 Hubble, D , Lancet, 905, 1351 (1053) 

* Good, R , Lancet, 286, 106 (1954) 

5 Gaylord Simpson, G , Sew Amer , 199, No 2, 117 (August 1958) 

* Barlow, Nora, “The Autobiography of Charles Darwin The First 
Sosipiete Version edited by his Granddaughter’ (Collins, London , 
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OBITUARIES 


Mr J T Davey and Mr H. J Morris 


In the ar disaster at Bordeaux on September 24, 
the International African Migratory Locust Organ- 
ization, which exists to prevent the escape of swarms 
of the Migratory locust from the recognized outbreak 
area in the fiood plains of the Niger south-west of 
Timbuktu, suffered a very severe blow The fifty- 
three people killed included no less than eight 
associated with that Organization Mr J T Davey, 
aged thirty-six, director of research, Mr H J 
Morris, aged thirty-six, an experienced scientist newly 
appointed as an assistant to Mr Davey, and his wife , 
Madame Duhart, wife of Monsieur A J  Duhart, 
director of survey and control and one of ther 
children , and Monsieur J J Rey, one of the locust 
control officers, and his wife and child 

James Thomas Davey graduated from the Univer- 
sity of Bristol and then took a diploma in agriculture 
at Cambridge and spent a year at the Imperial College 
of Tropical Agriculture in Trimdad He first went to 
Africa m 1947 as an entomologist m the Department 
of Agriculture in Nigeria, where he mvestigated tho 
habits and ecology of certam species of biting flies 
(tabanids and tsetse fhes) At the same time, he 
became interested ın locusts, and m 1948 he embarked 
on a detailed ecological study of the African Migratory 
locust, partly m association with H B Johnston 
Particular attention was paid in this study to the 
neighbourhood of Lake Chad, which was under sus- 
picion as a possible outbreak area and the mportant 
conclusion was reached that while the Migratory 
locust does occasionally swarm there, the Chad area 
is not comparable as a source of swarms with the 
recognized outbreak area m what was then the 
French Sudan 

With this valuable experience behind him, he 
accepted m 1951 an mvitation from the International 
African Migratory Locust Organization to visit the 
outbreak area on the Niger m order to extend mvesti- 
gations already begun by others of the ecology 
and seasonal movements of the locust there His 
secondment to that Organization. by the Government 
of Nigeria for this purpose was extended ın 1952 for 
two years An outcome of this mission was a decision 
by the Council of the Orgamzation to establish a 
permanent Research Service Davey became director 
of ıt, and he contimued m that capacity until the 
time of his death Through his own ability and 
personal qualrties, ineluding a very thorough practical 
knowledge of French acquired mamly by usage, the 
Research Service and its scientifie work became 
integrated mto the Organization m a highly successful 
manner, which could not have been achieved without 
the respect, affection and support which he won 
from all his colleagues 

His scientific work consisted maimly of studies of 
the seasonal movements of the locust population m 
and around the Niger plains m relation to the seasonal 
rainfall, river-level and floodmg of the plams by 
overfiow from the rrver By means of an impressive 
programme of field-work which involved the markmg 
of more than a milhon locusts individually with 
paimts, durmg a period of four years, and releasmg 
them m particular localities in and outside the plains 


in the hope of recapturing some of them elsewhere, 
he succeeded in demonstrating a regular seasonal 
shift of population (already suspected by G Remau- 
diére, who conducted an ecological study of the 
locust m the flood plams durmg 1949-50) between 
the plams and the surrounding arid country His 
work further indicated that certam parts of the 
plains are far more important than others as breeding 
grounds of the locust A much better under- 
standing of the outbreak area as such has resulted 
from these mvestigations, and this has led to ım- 
portant maprovemenis and economies in the super- 
vision and preventive control of the locust 

Davey travelled widely ın Africa in the course of 
his duties In 1953 he visited the outbreak areas of 
the Red locust in Northern Rhodesia and Tanganyika 
and toured parts of the vast area of eastern Africa 
over which the Desert Locust Survey, which has rts 
headquarters in Nairobi, operates Recently, he went 
to the Sudan Republic to see and discuss with the 
authorities there the circumstances m which a local 
increase m the population of the Migratory locust had 
occurred His interests were wide and he was a good 
companion on journeys in remote places His zest 
for life and his vigour and resourcefulness enabled 
him to take m his stride the many difficulties, some 
of them severe, which arise m ‘bush travel’ m Africa 
The wild life of Africa appealed to him greatly He 
knew the mammals of his areas well and was a keen 
shot, but he never shot animals solely for the sake of 
shooting In connexion with his work, he made 
extensive collections of grasshoppers and plants, and 
these have added considerably to knowledge of the 
acridid fauna and the flora of the Niger flood plams 
and the surrounding country 

Fortunately, he made a pomt of writmg accounts 
of his work at frequent intervals, and very little of 
the work that he had completed will be lost His 
most important publications are two long papers on 
the ecology of the Migratory locust ın what he called 
the Central Niger Delta , these form part of a planned 
series of three, and it ıs understood that the third 
part was virtually complete m typescript when he 
died It is fitting that this valuable series of papers 
is bemg pubhshed in Locusta, the journal of the 
international organization which he served so well 

The death of ‘Jimmy’ Davey, while stil young, 
removes a man who was confidently expected to play 
an ymportant part mm. the field of locust research and 
control m the future His wife survives hmm, with 
three young children 


Hilary Jolliffe Morris giaduated from St John’s 
College, Oxford, m 1948 A few years later he jomed 
the Research Division of the Ministry of Agriculture 
of the Sudan, where he undertook pioneer studies of 
techniques of control of the Desert locust This work, 
which covered a period of five years, contiibuted 
significantly to the development of amcraft-spraymg 
and of low-volume ground-spraying agamst locusts, 
and m the course of it he became famuhar with 
methods for the field-assessment of spray deposits 
and of the results of spraymg operations 

In 1957 he jomed the Colonial Pesticides Research 
Unit at Porton Down, near Salsbury, England, where 
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he was occupied for two years n laboratory work on the 
toxicity of new insecticides to mosquitoes He was 
essentially a field-man, however, with a strong hkmg 
for Africa and a desire to resume locust research, 
and when a suitable opening occurred in the Research 
Service of the International African Migratory Locust 
Organization he applied for the post and was 
selected 

This new appomtment was for an mvestigation of 
the applicability of modern methods of locust control, 
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particularly spraying from ancraft, m the conditions 
of the outbreak area of the Migiatory locust on the 
Niger Morris was very well fitted by his accumulated 
experience and personal qualities for this important 
task, and he set out with high hopes and keen interest 
on the journey which was to have taken him to the 
sort of work that he hked best and considered worth 
while because of its benefit to Africa 

Mr and Mrs Morris bad been marred only six 
months when they died T H C TAYLOR 


NEWS and VIEWS 


Scientific Adviser to the Ministry of Defence. 
Sir Frederick Brundrett, K.C.B , K B.E, 


Ir has been announced that Sir Frederick Brundrett 
will be retarmg at the end of the year from his post 
of scientific adviser to the Ministry of Defence, and 
chairman of the Defence Research Policy Committee, 
shortly after his sixty-fifth birthday Sır Frederick 
has had a Infe-tyme’s association with the scientific 
aspects of defence, mitially withm the Admuralty, 
and for the past ten years of hus career dealing with 
defence science in all its aspects A member of the 
RNVR in the First World War, he joined the 
scientific staff of the Admiralty m 1919 and remaimed 
at HM Signal School, Portsmouth, until 1937, when 
he moved to headquarters Huis remarkable qualities 
as a scientific admunistrator and his perception of 
scientific ability were given full scope durmg the 
Second World War, when he made a major con- 
tribution to the selection and allotment of scientists 
to the several departments needmg them Since the 
War his talents for organization have been given. full 
rem at the Admuralty and elsewhere, but his greatest 
contribution has undoubtedly been m the clarification 
and stabilization of defence research and development 
policy as a whole over the past few years Huis con- 
tributions to the 1ationalization of the research and 
development programme so as to harmonize the 
needs of the Services with the national resources have 
been markedly successful, and a great debt is owed 
to hun for his work m this field What he has accom- 
plished 1s due to three qualities which he has m 
abundance a real understanding of Service needs 
and Service modes of thought, a basic understanding 
of scientific practices and requnements, and a capacity 
for hard, thorough and clear-headed work equalled 
by few and probably excelled by none A distinguished 
player of games when younger, and an extremely 
successful scientific agriculturist to-day, rt 1s to be 
hoped that his advice and his services to the Scientific 
Civil Service will not wholly end with his departure 
from the Ministry of Defence 


Sir Solly Zuckerman, C.B , F.R S. 


Sim SOLLY ZUCKERMAN, who is to succeed Sir 
Frederick Brundrett as scientific adviser to the Mmus- 
try of Defence, is no stranger to either defence or 
to Whitehall Sir Solly was born in South Africa m 
1904, he came to Britain 1n 1925 and rapidly became 
known as a distinguished research anatomist He at 
present holds the Sands Cox chair of anatomy m the 
University of Birmmgham, and he 18 especially well 
known for his work on the primates Durmg the Second 
World War his wide scientific talents were drawn on 
fieely by many branches of the Services, but he was 


perhaps most closely associated with the Royal Aw 
Force, and he made important contributions to the 
operational analysis of the effects of bombardment, 
particularly from the aw In the past decade he has 
combined his work at the University of Brmmgham 
with many other activities, mcludmg his duties as 
honorary secretary of the Zoological Society durmg 
a rather stormy period, and with the deputy chaw- 
manship of the Advisory Council on Scientific Poley, 
towards the work of which and some of its sub- 
commuttees, notably the Committee on Scientrfic 
Man-Power, he has made a major contribution He 
succeeds Sir Frederick Brundrett at a difficult time 
when 1t may well be that a closer integration between 
cıvıl and defence science i8 necessary, and when 
mdeed some re-thmkmg may be necessary on the 
balance between the two For this task Sr Solly, 
by his previous experience, his exceptional ability 
and warm personality, is excellently qualified 


Meteorological Branch of the Canadian Department 
of Transport : Dr. Andrew Thomson, O.B E 


Dr Anvrew THomson, who on September 25 
retired from the post of director of the Meteorological 
Branch of the Canadian Department of Transport, a 
posrtion he has held for the past thirteen years, is 
well known in the world of meteorology A graduate 
of the University of Toronto, his first studies were m 
geophysics, and durmg 1920-21 he was put ın charge 
of investigations into atmosphere electricity durmg 
the round-the-world cruise of the Carnegie Institution 
research ship In 1923 he became director of the 
Apia Observatory, Samoa and m 1929 aerologist of 
the Dommuion of New Zealand He returned to 
Canada m 1931 as head of the research division of 
the Meteorological Service, and assumed charge of 
the whole service m 1946. Dr Thomson has done 
much in the imternational field, especially as a 
member of the Executive Commuttee of the World 
Meteorological Organization and as president of the 
Regional Association. for North and Central America 
of the World Meteorological Organization <A great 
traveller, who has not only done much to build up 
an efficent national service but also to promote 
international co-operation m meteorology, he was 
made OBE m 1948, and awarded the gold medal 
of the Professional Institute of the Pubhe Service of 
Canada in 1952 and the honorary degree of D Sc. by 
MeGill University in 1958 He carries mto his retire- 
ment the best wishes and affection of all who know 
him 


Mr. Patrick D. McTaggart-Cowan, M.B.E. 


Tar appomtment of Mr P D McTaggart-Cowan 
to sueceed Dr Andrew Thomson as director of the 
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Canadian Meteorological Service comes as no surprise 
to the world of professional meteorology, for he has 
been Dr Thomson’s right-hand man for many years 
Mr MeTaggart-Cowan, who 1s forty-seven, was born 
in Scotland but has spent most of his life m Canada 
After securing first-class honours m mathematics 
and physics at the Universrty of British Columbia, 
he won a Rhodes scholarship to Corpus Christa 
College, Oxford, where he graduated with honours m 
natural science He jomed the Canadian Meteoro- 
logical Service m 1936 and quickly became known 
internationally, especially im relation to trans- 
Atlantic aviation, then in iris infancy During the 
Second World War he was largely responsible for the 
development of forecasting at the Canadian end of 
the ferry fights to and from Britam When hos- 
talities ceased he took an active part m the formation 
of the body which has now become the International 
Civil Aviation Organization Among professional 
meteorologists his name stands high, not only as a 
forecaster, but also as an energetic and skilful 
admumstrator, with a gift of clear thmkmg and direct 
speech The future of the Canadian Meteorological 
Service could not be m. better hands 


Chemical Engineering at Leeds: 
Prof. G. G Haselden 


Dr G G HasELDEN, whose appomtment to the 
new chair of chemical engmeering at the University 
of Leeds has been announced, was educated at Sir 
Walter St John's School, Battersea, and the Imperial 
College of Science and Technology, London He 
graduated m chemical engmeermg with first-class 
honours m 1944 and afterwards undertook research 
under the late Sw Alfred Egerton on problems con- 
nected with the lquefaction of methane on the 
results of this work he was awarded his PhD In 
1949 he was appomted lecturer and later senior 
lecturer m low-temperature technology in the Depart- 
ment of Chemical Engmeermg of the Imperial 
College In addition to his teaching duties, Dr 
Haselden has durmg the past ten years buit up an 
active school m low-temperature research His mam 
fields of mterest have been m the hquefaction of 
natural gas, the development of new or more efficient 
gas-separating processes and refrigeration cycles, and 
the measurement and correlation of the thermody- 
namue properties of mixtures In 1958 he was awarded 
the Lightfoot Medal of the Institute of Refrigeration 
for his work on mixed refrigerants Dr Haselden 
was one of the founder members of the Low Tem- 
perature Group of the Physical Society , and he 1s 
a member of the Education and Papers Committees 
of the Institution of Chemical Engineers and a mem- 
ber of the Research Commuttee of the Institute of 
Refrigeration 


Illuminating Engineering Society Award : 
Dr J. W. T. Walsh 


To mark the occasion of its golden jubiee, the 
Ilummatmg Engmeermg Society has mstituted an 
award to be known as the Ilummatmg Engineermg 
Society Gold Medal, which will be bestowed at 
intervals of not less than two years for outstandmg 
contributions to the advancement of lghtmg 
Recipients of the medal may be of any nationahty 
and need not be members of the Society At the 
meeting of the lummating Engmeermg Society held 
m London on October 13, the first award of the gold 
medal was made to Dr J W T Walsh, who is 
without doubt the most outstandmg and highly 
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esteemed person m the world of hghtmg to-day. 
From Merton College, Oxford, Dr Walsh went to 
the Department of Photometry of the National 
Physical Laboratory until he retired m 1951, having 
been there for thirty-eight years Hus first out- 
standing contribution was the making of a large- 
scale photometric survey of factory lighting for the 
Home Office Departmental Committee in 1913 
Durmg subsequent years, he supervised much ım- 
portant work relatmg to the prmorples of good 
hghting and to the design and performance of hghting 
equipment, and he published a number of papers on 
all aspects of photometry and ilumunating engmeer- 
mg Dr Walsh served for many years as chairman 
of the British National Iummation Commuttee and 
has participated actively m the meetings and work 
of international bodies concerned with hghtmg He 
has served as honorary secretary and vice-president 
of the International Commussion on Illummation and 
was president of that body from 1955 until June 1959 
He has been a member of the Illummating Engmeer- 
mg Society since 1923, he 1s the only member who 
has served two terms as president of the Society 
(1929 and 1947) He was chairman of the committee 
responsible for the current codes of practice for 
street hghtzig Dr Walsh has indeed been a pro- 
digious worker m the cause of better hghtmg and 
this together with his high principles and strict regard 
for scientific accuracy has endeared him to hghtmg 
people all over the world. There ıs no doubt that 
his contributions to the advancement of lhghtimg 
have been truly outstandmg 


Royal Australian Chemical Institute : 
Mr C. E. C Nicholls 


Ma C E C NroHonrs has been elected president 
of the Royal Australian Chemical Institute He was 
born and educated m England, and gamed his degree 
in the University of London with honours m chemistry 
After spending about two years with the Brrtish— 
American Tobacco Co, Ltd , he jomed the Distillers 
Co, Ltd, m October 1929, very shortly after the 
latter company had entered the chemical field He 
spent some years at the Company's main factory im 
Hull, and brought mto operation the first synthetic 
acetic acid plant m England Early in 1942 he 
was sent to Australa, where he played a majo part 
m establishing the war-time synthetic acetone pro- 
duction Early in 1945 Mr Nicholls returned to 
England, where he 1esumed duties with the Distillers 
Co, Ltd He made a short visit to Austraha m 1946, 
and agam in 1947 when the Colonial Sugar Refinery 
and the Distillers Co , Ltd , obtained a larger mterest 
m Robert Corbett Pty , Lid Hes at present manager 
of Colomal Sugar Refinery Chemicals Pty, Ltd, 
and a director of Robert Corbett Pty , Ltd He was 
elected a Fellow of the Royal Austrahan Chemical 
Institute in 1947, holding office as president of the 
New South Wales Branch for two years and durmg the 
last year of this term he was also vice-president of 
the Institute 


Atomic Energy Authority's Thermonuclear Pro- 

gramme 

Tus United Kmgdom Atomic Energy Authority 
is seeking the necessary approvals to acqwre and 
develop a site of some 175 acres with the permeter 
of the Royal Naval Airfield at Culham, Oxfordshire, 
for development as a new research establishment 
The new establishment would be for research mto 
controlled thermonuclear reactions and plasma 
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physics and the study of nuclear fusion as & possible 
source of industrial power Most of the thermo- 
nuclear research now carried on at Harwell and 
Aldermaston will be moved to the new establishment 
One of the immediate tasks at the new sıte, if 
approved, would be the construction of ICSE 
(Intermediate Current Stability Experments), a 
large machine which (as announced at the Authority’s 
annual press conference in July) will incorporate the 
results of experience wibh Zeta and of other studies 
m this field, both at home and abroad Tt is planned 
that the total numbers employed at the proposed 
new establishment will rise to 1,000 and that this 
figure will be reached withm four or five years 


No 4693 


Divorce Statistics in Britain 


Tae prmeipal changes that have been introduced 
m the Civil Tables of the Registrar General's Statist- 
ical Review for 1957 which has been published 
recently relate to divorce statistics (The Registrar 
General’s Statistical Review of England and Wales 
for the year 1957 Part 2 Tables, Civil Pp xu-+ 
200 London HM Stationery Office, 1959 lls 6d 
net) Figures for divorces and annulments are now 
given by calendar year of marriage and age of 
spouses at marriage, so that the risk of divorce of 
different marriage cohorts may now be computed, 
and there are some other welcome new details on 
divorce An appendix shows details of marriages by 
manner of solemnization in different countries It 18 
intended to publish this table at five-yearly intervals, 
and these data give a useful indication of the dis- 
tribution of different religious groups m the country 
It ıs of some interest that the proportion of civil 
marriages shows a fall, compared with 1952, for the 
first tume since such marriages were mstituted in 
1836 In addition to these new figures, more detailed 
fertility tabulations giving better exposed-to-risk are 
also meluded ın this volume 


Sex Research 


Tux Division of Medical Sciences of the National 
Academy of Sciences—National Research Council is 
accepting applications for grants-m-aid of research 
for consideration by the Committee for Research 
m Problems of Sex The funds for support of 
this progiamme are provided by the Rockefeller 
Foundation and the Ford Foundation The Com- 
mittee is concerned primarily with encouraging 
research on the mechanisms underlying sexual 
behaviour, with special emphasis on the higher 
mammals and man Proposals mvolving endoermo- 
logical, neurological, psychological, anthropological, 
phylogenetic and genetic studies directed toward this 
objective are therefore invited Requests that deal 
with the physiology of reproduction or with related 
biological and biochemical fields should be addressed 
to the Committee only if they give promise of shedding 
hght upon behavioural mechanisms Prelummary 
inquiries should be addressed to Room 411, Division 
of Medical Sciences, National Academy of Sciences— 
National Research Council, 2101 Constitution Avenue, 
NW, Washington 25, DC Completed applications 
for the fiscal year 1960-61 should be postmarked on 
or before January 15, 1960 


Variation in Lizards of the Leiocephalus cubensis 
Complex in Cuba and the Isla de Pinos 


Lewcephalus cubensis Gray has been regarded as 
one of the four species of this genus in Cuba and 
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the Isla de Pinos, and has been known to occur 
throughout both islands m suitable habitats Albert 
Schwartz has collected 388 specimens and studied 
additional material from various museums, this has 
resulted m the partition of L cubensis mto two 
species, each with four subspecies L cubensis is 
now known from Cuba and the Isla de Pinos, the 
Doce Leguas keys, and the Archipiélago de los 
Canarreos, where the new species, L  shchgaster, 
occurs m western Cuba and the Isla de Pinos The 
status of Oriente lizards of this complex remains 
uncertain Schwartz believes that shehgaster and 
cubensis arose from a common stock through isola- 
tion on western and central island masses durmg the 
Oligocene and Lower Miocene Periods With the 
re-establishment of the island to approximately its 
present outlme between the Lower and Middle 
Miocene, these two species extended then ranges 
gradually from the regions of differentiation From 
modern distribution 16 appears that the gap between 
western séictigaster and eastern cubensis may not yet 
be closed | L cubensis also has spread to the east 
into Oriente as well as the west into Matanzas and 
Habana (Bulletin of the Flora State Museum, Bio- 
logical Sciences, 4, No 4, 1959). 


Transparent Sintered Alumina—‘Lucalox’ 


SINTERED or vitrified ceramic materials of poly- 
phase composition are normally opaque owing to 
seattermg of hght by the different refractive indices 
of the component phases Single-phase gmtered 
ceramics are usually both opaque and porous owmg 
to the difficulty of sintering refractory substances 
sufficiently well to produce optical contact between 
the grams The General Electric Co of America 
announces the experimental production of a material, 
under the trade name ‘Lucalox’, which 1s formed by 
pressing from alumine powder of small gram size and 
fired under conditions, presumably ın vacuo and at 
a very high temperature, which permit almost com- 
plete smtermg to occur The product 1s non-porous 
and sufficiently transparent for prmt to be read 
through a thickness of the material ın contact with 
the paper Objects viewed at greater distances are, 
however, blurred as though through frosted glass 
It retams the refractory qualrties of alumina, and is 
said to be stable up to about 1,900? C Possible fields 
of use melude envelopes for high-mtensity hght or 
radiant heat sources, as a superior alternative to 
fused silica — Light-transmussion in the visible spec- 
trum, through an unstated thickness, is said to be 
90 per cont Simce the material 1s in effect a poly- 
crystalline sapphire, ib may offer an alternative to 
synthetic mono-erystalhne sapphire for instrument 
bearmgs Its electrical properties are not stated, 
but would presumably resemble those of sapphire , 
a permittivity of about 9 5, loss angle between 10-4 
and 10-* at room temperature, and appreciable con- 
ductivity appearmg around 300-500° C, depending 
upon purity The problem of production as a com- 
mercially satisfactory operation is said to be stil 
under mvestigation 


International Conference on Non-Destructive Test- 
ing 
Tue third International Conference on Non- 
Destructive Testmg will be held m Tokyo durmg 
March 15-21 The Conference ıs mtended to provide 
an opportunity for the exchange of mformation’ on 
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the latest development m scienzific research and 
industrial application in non-destructive testmg m 
different parts of the world and for the discussion of 
improvements in testing techniques It will also deal 
with problems of mternational co-operation The 
mam part of the Conference will consist of four 
principal sessions (two in Tokyo and two m Osaka) 
and a number of technical sessions Further mforma- 
tion can be obtamed from the secretary of the British 
National Committee for Non-destructive Testing, 
I Birdeage Walk, London, S W 1 


University of Texas Grant for Genetic Research 


THE University of Texas has received a grant of 
1,482,480 dollars, to boost basic research m genetics 
and cell biology over a five-year period, from the 
National Institutes of Health, the Public Health 
Service research centre at Bethesda, Md The grant 
will support research m the areas of population 
genetics, genetic effects of radiation. and cosmic 
rays, chromosome studies of cancer and normal cell 
straims, cytogenetics, and the physiological and 
biochemical aspects of genetics Seven primeipal 
investigators, then associates and assistants working 
m the Genetics Foundation of the Department of 
Zoology, will conduct the research Prmerpal mvesti- 
gators wil be Prof W § Stone and Drs C P 
Oliver, R P Wagner, J J Biesele,M R Wheeler, 
B H Judd and H § Forrest, all members of the 
University’s Genetics and Cell Biology Group 


Royal Meteorological Society Officers for 1959-60 


THE followmg have been elected officers of the 
Royal Meteorological Society for 1959-60 President, 
Dr J M Stagg, Vice-Presidents, Dr H L Penman, 
Prof P A Sheppard, Dr G D Robinson and Di 
R M Goody, Vice-President for Canada, Dr W L 
Godson, Vice-President for Scotland, R Cranna, 
Treasurer, B C V Oddie, Secretaries, P J Meade, 
Dr R S Scorer, J S8 Sawyer (editor) and Dr A G 
Forsdyke (hbrarrn) 


University News. Cambridge 


Mn G R Crows, who jomed the Cavendish 
Laboratory more than fifty years ago and was well 
known as personal assistant to Lord Rutherford, has 
had conferred on him the honorary degree of M A 


Leeds 


Tue following grants aie announced fiom the 
Department of Scientific and Industrial Research, 
£1,835 towards the cost of cosmic-ray research m the 
Department of Physics, £12,000 over three years for 
an imvestigation into high-pressure chemistry and 
geochemistry m the Department of Chemistry, £3,000 
over three years for research by Dr P Gray m 
physical chemistry, and £1,050 for research m high 
alumma cements m the Houldsworth School of 
Apphed Science , 6,000 dollars a yea: for two years 
from W R Grace and Co, of the United States, for 
a research fellowship m physical chemistry , £1,422 
from the Marme Biological Association for research 
on the electron microscopy of marme flagellates , 
£3,000 for 1959-60 from the National Coal Board, 
North-Eastern Division, and £1,000 from Richard 
Sutchffe, Ltd , for research in mmuing , and from the 
Agricultural Research Council foi two research pro- 
jects, £1,893 m the Department of Agriculture and 
£2,807 for research into the interpretation of fibre 
types m sheep m the Department of Anatomy 
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Lectureships are announced as follows Mr D I 
Davies (Department of Organic Chemistry), Mr 
A R J Gaskm (Department of Geology) as from 
October 1, Mr A N Hulas (Department of Physics) , 
Mr M D Longfield (Department of Mechanical 
Engmeermg) as from January 1, 1960, Mr A R 
Mathieson (in the chemistry of high polymers m the 
Department of Textile Industries) from January I, 
1960 
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Tum title of professor of virology in the University 
of London has been conferred on Dr Forrest Fulton 
in respect of his post at the London School of Hygiene 
and Tropical Medicine The title of professor of 
epidemiology in the University of London has been 
conferred on Dr D D Reid in respect of his post at 
the London School of Hygiene and Tropical Medieme 
The title of reader 1n pharmaceutics in the University 
of London has been conferred on Dr D Tram m 
respect of his post at the School of Pharmacy 


Announcements 


Mr Ernest Turner JONES, deputy controller 
(Overseas Affairs) Mmistry of Aviation, has been 
elected deputy chamrman of the Nato Advisory 
Group for Aeronautical Research and Development 
Mr Jones 1s the first deputy chairman to be appomted 
by the Group, of which Di Theodore von Karman 
has been chairman since its moeption m 1952 


Ds Norman G  Gavnonp, vice-president of 
research and development of the Polymer Division 
of the Western Petrochemical Corporation and a 
senior lecture: at the Polytechme Institute of Brook- 
lyn, has been appomted editor of Resins, Rubbers, 
Plastics, the loose-leaf abstract ser vice issued monthly 
by Interscience Publishers, Inc, New York It 1s 
hoped to accelerate the publication of abstracts of 
foreign as well as American articles, and the organic 
aspects of polymer chemustry will be given a greater 
emphasis than 1n previous volumes The subscription 
price of Resins, Rubbers, Plastics 1s 90 dollars 


Tue third Australian Nuclear Research Foundation 
Summer School for Science Teachers 1s to be held 
during January 11-20, 1960, at the University of 
Sydney Tach science teacher attending the School 
18 to be paid an amount to help defray expenses he 
may meur in so domg ‘The total costs of the 1960 
School will be m excess of £13,000 The followmg 
donations have been made towards these expenses 
Phihps Electrical Industries Pty, Ltd, £3,500, 
Ampol Petroleum, Ltd, £2,500, W D and H O 
Wills (Australia), Ltd , £3,500 Further information 
can be obtamed from Dr 8 T Butler, Department 
of Physics, University of Sydney, Sydney, New 
South Wales 


Errata We regret that one of the names 
appended to the communication entitled “Lught- 
induced Production of Carotenoid Pigments by 
Cephalosporia” m Nature of August 29, p 741, was 
meorrect , the authors are “R C Codner and B C 
Platt” 

In the communication entitled “Bence Jones 
Protemuria associated with a Transplantable Mouse 
Plasma-Cell Neoplasm” in Nature of August 22, 
p 654, column 1, par 2, lines 4 and 8, for ‘‘«-globulin” 
read ‘‘y-globulin”, par 6, hne 3, for ‘“®-globulin” 
read '*v-globuhn" Footnotes 4 and 8 should read 
‘Fahey, J L " and ‘“‘Osserman, R M E 


respectively ' 
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INSTITUTE 


REPORT FOR 1958-59 


"['HE annual report of the charman, M B 
Ridgway, to the Board of Trustees of the Mellon. 
Institute for the year ended February 28, 1959, 
records an inerease in the Institute’s mdependent 
research staff from 22 to 56, while a further 254 
scientists and them assistants were engaged on the 
47 industrially sponsored applied science fellowships 
and projects at the close of the year (Scientific 
Research m Mellon Institute 1958-1959 Pp x+38 
Pittsburgh Mellon Institute, 1959) A plan was 
developed for mdustrial affiliation with the funda- 
mental research sector of tho Institute's programme 
whereby co-operation can contribute to the support 
of fundamental research m a designated area 
Durmg the year the independent research pro- 
gramme embraced studies of some of the properties 
of & group of esterases, with special reference to the 
chohnesterase of human blood plasma A rapid ultra- 
violet spectrophotometric method was developed for 
the assay of hydrolysis of certam substrates and 
evidence obtained that promotion of enzyme activity 
depends partly upon a competition between the 
activator and the substrate for a negatively charged 
site on the enzyme Studies of fibrogenesis m collagen 
solution were undertaken to explore the spatial 
arrangement of the protein ammo groups which are 
regarded as responsible for the characteristic bands 
observed m collagen fibrils with the electron muero- 
scope Investigations contmued on the mechanism 
of enzymatic hydroxylation and on the chemical 
structures of two metabolites of p-aminobenzoic acid 
In moigame chemistry the relatively little-known 
chemistry of osmium was studied, and besides 
the discovery of umivalent osmium evidence for a 
zero-valent osmium complex was obtamed For 
studies of the magnetic properties of transition metal 
compounds a magnetic susceptibility balance was set 
up, utilizing a ‘Varan’ 4-m electromagnet and a 
vacuum microbalance A further programme 18 con- 
cerned with the formation, reactions and structures 
of 1norganie species contaming eation-oxygen, cation— 
hydroxyl and cation—-wster hnkages, while studies n 
the chemistry and physics of natural and synthetic 
macromolecular substances continued to develop 
The contribution of the cham configuration to the 
internal energy of a polymer has been determmed 
from the dependence on temperature of the stress of 
the cross-hnked polymer This occurs when stretched 
m the amorphous state, and for polyethylene and 
polywobutylene this energy effect can be correlated 
with independently estimated energy differences 
between the prmerpal bond conformations Stress- 
temperature measurements on fibres prepared from 
muscle by extraction and chemical cross-linkmg can 
be satisfactorily mterpreted as due to ieversible 
meltmg and crystallization processes Studies on 
branched-cham polymers have sought to synthesize 
molecules of precisely known structure and to 
correlate thew physical properties with the chain 
architecture. These meluded a theoretical analysis 
of the distribution of molecular weight resultmg from 
the formation of branched molecules, while mvestiga- 
tion of the statistical thermodynamics of dilute 
polymer solutions contmued A theoretical study of 


the diffraction pattern of a crystal contammg a single 
dislocation indicates that 1$ 18 doubtful whether or not 
double-crystal spectrometer measurements can be used 
to obtam dislocation densities fiom first prmerples 

In the fields of organic chemustry the structure of 
the alkaloid skytanthine has been firmly established 
by & combination of classical degradation and 
mstrumental methods The existence m cyche sulphite 
esters of a stereoisomerism arising from the non- 
coplanarity of the sulphite gioup has been demon- 
strated by a nuclear magnetic resonance method 
The kinetics of the dehydrohalogenation and re- 
arrangement of 1 I-diarylhalogenoethylenes have 
been studied and also the possible extension of the 
reaction to purely aliphatic and alicyche systems 
Installation of a ‘Varian’ dual-purpose nuclear 
magnetic resonance spectrometer operatmg at 60 
Mc js has greatly assisted the solution of many 
organic ‘analytical problems From July 1, 1958, 
the half-time responsibility for service research in 
the Institute’s former Department of Research m 
Chemical Physics was transferred to the newly 
established Research Services High-resolution mfra- 
red absorption measurements have been conducted 
by the matrix isolation technique at temperatures 
as low as 42°K on the photolysis products of 
ammonia, 1 2-diazme and azomethane, survey 
spectra of about 150 inorganic salts contaming poly- 
atomic 10ns have been obtamed m the cesrum bromide 
region (700-300 cm -!) using a special long wave- 
length infra-red spectrometer and a Raman apparatus 
with red excitation Crystal diffraction studies of 
simple organo-silicon compounds are bemg pursued , 
the structure of dicobalt octacarbonyl is under 
mvestigation foi information about the bonding of 
the cobalt atoms, while new relations between thermo- 
dynamics and continuum mechames have been 
revealed in an investigation of the &xiomatazation 
of thermodynamies Current studies im radiation 
research include the radiation decomposrtion of 
hydrocarbons, using gas chromatography for analysis, 
the kmetics of photochemically produced free radicals 
and the radiation-induced cross-lmking of polymers 
m solution During the year five fellows were 
appomted m organic chemistry 

Fellowship mvestigations unde: ‘metals programme’ 
include the thermodynamucs of systems of importance 
to the steelmaker, a long-range research and develop- 
ment programme to evaluate ferrous alloys for high 
strength, particulaily at high temperatures, and the 
physical metallurgy of semi-conductor devices Con- 
tinued. attention was given by the Artists’ Materials 
Fellowship to the fadmg of pigments and loss of 
solubility of varnishes m light The chemical hygiene 
fellowship 1s giving mcreased attention to the safety 
o? food additives Under the water pollution abate- 
ment fellowship a paper chromatographic technique 
has been developed for determinmg fatty acids m 
water, and & continuous counter-current extractor 
is being used to recover soluble orgame matter from 
river water Under the organie synthesis fellowship, 
heterocyclic derivatives, such as umdazolines, hexa- 
hydropyrimidmes and perhydrotriazones, which give 
excellent crease resistance to cotton, have *been 
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prepared, the study of emulsion pamts comprising 
homo- and co-polymer systems has indicated a 
correlation between water-remstance, hardness and 
flexibility of latex films, and polymer composition , 
and the mvestigation of polyethers fiom polyols 
and propylene oxide has assisted the rapid growth 
of the polyurethane foam mdustry Both the coal 
chemicals fellowship and the petroleum fellowship 


LABOUR 


ABOUR tunover has been a subject of mqury 
L and discussion smce interest was fist focused 
on the problem during the First World War It 1s 
commonly regarded as a source of serious economic 
waste The level of turnover in a firm 1s often 
regarded as an index of morale among the employees 

Research workers have attempted to analyse the 
causes of labour turnover by relating ıt to different 
groups of factors The most important of the external 
factors are the level of employment and the avail. 
ability of alternative work The internal factors are 
the composition of the labour force itself, that 1s to 
say, whether men or women are employed, whether 
they me skilled or unskilled, the length of time 
workers have been employed, ther age and the 
location of ther homes Wage rates, hours and 
conditions of work and the personal relationships 
existing withm a firm may also have important 
effects on labour turnover 

The findings of research do not appear to have 
helped managements very much in them efforts to 
reduce labour turnover The British Institute of 
Management survey of 1949 and 1950, covermg 
approximately two hundred companies, showed 
annual labour turnover rates varying from 13 per 
cent to 59 per cent for men and from 24 per cent to 
75 per cent for women per annum These are industiy 
rates Individual companies fluctuated below end 
above this range Labour turnover was calculated 
on the basis of 


Number of leavers ın period under review 


Average number of persons employed durmg 
same period 


Commonly agreed facts about labour turnover are 
that i» any given period i6 ıs heavier among short- 
service employees than among those of longer service 
and that much of 15 does not represent true mobility 
but, from the social pomt of view, useless changes 
fiom one job to another 

What has not been established 1s to what extent 
labour turnover matters to the mdrvidual company 
and to society and the extent to which labour 
turnover can be measured in financial terms or 
whether its effects aro largely mtangible and m any 
event non-financial 

Excessive labour turnover is assumed to cause 
waste and inefficiency Few studies have attempted. 
to find out what exactly 1s the extent of this waste 
One of the drawbacks is the difficulty of measure- 
ment The effects of labour turnover are widespread 
and varied and attempts to assess them in financial 
terms can easily become either over-simplified or 
over-mmaginative and remote from verifiable facts 

An appraisal of the importance of labom turnover 
to industry cannot be complete unless there is some 
estumate of s financial effects Certain effects as, 
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cover a wide field and, unde: the power rectifier 
fellowship, laboratory development of the first new 
power rectifier was completed and the growth of 
lughly perfect single cı ystals of silicon and germanium 
has been studied New organosilicon compounds, 
monomers and polymers have been prepared unde: 
the silicones fellowship, mcludmg some hybmd 
organotin organosiloxane compounds 
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for example, the impact on the morale of the working 
group of a continually changmg labour force, cannot 
be assessed m financial terms The more tangible 
costs are also mmportant 

What has been needed is a series of published 
case-studies of the experience and of the financial cost 
of labour in individual concerns The British Institute 
of Management has now published a seres of sixteen 
such studies* The studies have been of the cost of 
labour turnover among direct production workers 
No studies have been undertaken among clerical or 
selling staff 

The data provided by these case-studies and by 
supplementary mformation obtamed from a large 
number of firms show that 

(1) In five out of sixteen studies, labour turnover 
was addmg 10s or more per week to the wage cost 
of each individual employed 

(2) The mam factors which appear to affect labow 
turnover cost aie the impact of learners on pro- 
duction, the extent to which saleable production is 
lost through labour turnover and the methods used 
to make up production losses 

(3) The amount spent on tiammg, mduction and 
mterviewing 1s & matter of company policy and will 
naturally affect the level of its labour turnover eost. 
Money spent in this way, however, has a constructive 
result and is not waste, as is the cost arismg from 
other categories 

(4) Labour turnover has certain long-term effects 
which are not measurable in financial terms Most 
important of these are the effect of high labour tun- 
over on the morale of the work force, the wear and 
tear on supervisory staff and the loss of customers’ 
goodwill by failure to fulfil orders and to meet 
delivery dates To combat these effects by reducing 
labour turnover, it seems worth spendmg money on 
traming, mduction and mterviewmg 

(5) Labour tuxnover appeais to be most costly m 
those firms where there 1s a high proportion of semi- 
skilled jobs pecuhar to the company itself This is 
because the tramung period 1s often long and 1b 18 rare 
to find new employees with experience of similar 
work The recognized skilled occupations and the 
relatively unskilled ones, for example, labourmg and 
cleaning, do not involve companies im high trammg 
costs 

(6) The results of the mquiry as a whole suggest 
that keeping labour turnover low may be a relatively 
expensive busmess, almost as expensive as allowmg 
1t to merease with consequent mcreased production 
costs and sales losses The deeision about how much 
to spend on reducing labour turnover must be based 
not only on the figures of tangible waste but also 
on management’s estimate of the seriousness of the 
non-financial aspects T H Hawxins 

* “Cost of Labour Turnover", 17s 6d 
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STRONTIUM-90 


ESPONSIBILITY for estimating the contamina- 
tion of food by radioactive fall-out has now 
been transferred to the Agricultural Research 
Counei The report, “Strontium-90 m Human Diet 
m the United Kingdom, 1958" (London HM 
Stationery Office, 1950 4s), thus contimues the 
series formerly issued by the Atomic Energy 
Authority 
The general level of radioactivity in food m the 
United Kingdom for 1958 was small, comparable 
with that found in the United States, and well below 
any danger-level Most of the radioactivity m milk 
and dairy products, bread and flour, and in leafy and 
100b vegetables, was brought about by the deposition 
of radioactive debris on the leaves of herbage and 
crop plants durmg periods of rain, followed by foliar 
absorption of (in particular) strontaum-90 Only 
the material deposited during the two months 
before herbage was eaten by cows or before crops 
were harvested appeared afterwards in appreciable 
amounts in human food Once the debris penetrated 
into the soi, its ‘availabilty’ to plants was greatly 
reduced Consequently, the accumulation of avail- 
able strontrum-90 in the soil smoee nuclear weapon 
testing commenced in 1945 had been slight 
The radioactivity of milk was highest im western 
areas of Britain and appeared to be related to the 
distribution of ramfall The level of radioactivity 
increased m all areas during the latter half of 1958, 
partly as a result of an unusually high rainfall and 
partly of an merease in the number of nuclear tests 
Examination of certain upland areas that are 
characterized by high rainfall and by slow growth of 
herbage had shown that milk from these areas often 
contained very high levels of strontium-90 This 
could not be accounted for entirely on the basis of 
high rainfall, low soil-calorum, and low production of 
herbage per acre It was thought that strontium-90 
must become entrapped in the mat of vegetation and 
roots at the base of the sward, and be held available 
to the plant ın successive seasons, m a way not 
observed on lowland pastures 
The report shows that when strontium was 
absorbed from the diet, ıt tended to replace calcium 
m bone tissue High levels of strontrum-90 m bone 
could damage the bone or bone marrow, ultimately 
causing tumours, leukemia, or other bone diseases 
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IN HUMAN DIET 


However, 16 appeared that the replacement of calerum 
by strontium-90 in new bone tissue was governed not 
by the amount of sórontium-90 in the diet but by 
its proportion relative to calcium (expressed as mero- 
mierocuries of strontium-90 per gm _ calcium) 
Furthermore, the human body, m absorbing numeral 
substances from the digestive tract, discrimmated 
against strontium, so that the ratio of strontium-90 
to ealerum which was found m bone was only one- 
quarter of that ın the food eaten 

The report also discusses other factors which 
tended to reduce the ratio of strontium to calerum m 
the diet Thus, the cow discrimmated agamst 
strontium when producing milk from grass, so that 
the proportion of strontzum-90 to ealeum m milk 
was only one-seventh of that m the herbage eaten 
Leafy vegetables appeared to absorb strontium less 
efficiently than herbage, and contained correspond- 
ingly less radioactive material Although wheat 
contamed a fairly high proportion of strontium-90, 
mulling, as in the preparation of white flour, removed 
much of the calcium and strontium m bran and 
offal, while the subsequent addition of strontium-free 
chalk as a calcium supplement further reduced the 
proportion of strontium to ealeium m bread and flour 
products The report noted that the ratio of stron- 
irum-90 to calemm in diets based on wholemeal 
bread was likely to be higher than average, as there 
was no legal requirement to add chalk to wholemeal 
floms, while the mlhng process did not tend to re- 
move any of the strontium contamed m the grain 

However even on the most unusual food and living 
in the wettest area, no one m the United Kingdom 
was likely to consume a diet contammg more than 
23 ppe of strontium-90 per gm calcrum, about half 
the ratio (40 uuc) at which a Medical Research 
Council Committee thought that ‘ummediate con- 
sideration’ should be given to the problem It is 
emphasized that no evidence had been found of such 
a diet bemg consumed by anyone The amount of 
strontium-90 per gm calcium in the average diet was 
about 6 uue , and, provided that the rate of deposition 
of the 1adioactive dust did not greatly mcrease ın the 
futuie, either as a result of meteorological factors or 
because of further testing of nuclear devices, such a 
level should grve no cause for anxiety 


J M A Turkey 


IMMEDIATE AND LOW-LEVEL EFFECTS OF IONIZING 
RADIATIONS 


HE biological effects of low doses of ionizing 

radiations, a topic of obvious interest and 1mpor- 
tance, formed one of the mam themes of a symposium. 
held m. Venice, June 22-26, under the jomt sponsor- 
ship of Unesco, the International Atomic Energy 
Agency and the Comitato Nazionale per le Ricerche 
Nuclear: of Italy The Organizing Committee included 
Prof Z M Bacq (Belgium), Profs E Boeri and 
A A Buzzati-Traverso (Italy), and Dr A Hol. 
laender (United States) Those invited were fortunate 
in bemng able to take part m a conference of which 
content and programme arrangements were of a high 


order, and which was held in the beautiful surround- 
ings of the Fondazione Giorgio Cini, on the Isola di 
San Giorgio Maggiore Each of the nine sessions was 
arranged to contam only a few papeis, so that there 
was ample tıme for discussion and for a few short 
communications which were relevant to the main 
themes Sixteen countries, and a wide range of 
scientific disciplines, were represented among the 
116 research workers who took part 

The symposium opened with a review of certain 
aspects of quantitative radiobiology by K G Zimmer 
(Kernreaktor, Karlsruhe, Germany) After discussing 
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eritically some of the postulated mechanisms of the 
biological action of 1onizing radiations, he went on to 
deseribe recent 1esults obtamed by the use of micro- 
wave spectroscopy This topic, discussed also by J S 
Kirby-Smith (Oak Ridge, United States), 1s of great 
interest because persistent magnetic centres can be 
observed in irradiated biological materials of low 
water content, and the signals are modified by environ- 
mental factors which are known also to modify the 
biological effects of radiation However, caution 18 
necessary in interpreting the results obtamed by 
instruments currently ın use, since the signals observed 
arise from about 107? times as many 10nizmg events 
as those which m many cases mutiate biological 
damage 

New techniques which have recently been developed 
for studying cells 1n mitosis have enabled investigators 
to undertake the difficult task of observing quanti- 
tatively the mduction of chromosomal abnormalities 
m human cells M A Bender (Oak Ridge, Umted 
States) had examined. effects on human cells 1n. tissue 
culture, and also on monkey cells «n vivo, using bone 
marrow The cells irradiated «n vwo gave a somewhat 
lower yield of chromosome aberrations Doses down 
to 25r were used in these studies 

The effects of considerably lower doses on human 
cells were observable by M Ingram (University of 
Rochester, United States), who had found significant 
increases in the number of bmucleate lymphocytes 
present im the blood of persons exposed to doses 
considered to be m the ‘tolerance’ range Although 
iomzing radiation 18 not the only agent which can 
bring this about, ıt was of mterest that m a field 
investigation of uranium muners, a higher count of 
binucleate lymphocytes was found in the blood of 
the control group of coal miners, who had been 
subjected to regular routine diagnostic X-ray examin- 
ation! Another paper on effects of X-irradiation on 
the blood picture of mammals was given by S. Hajdu- 
kovie (Institute for Nuclear Sciences, Yugoslavia), 
who used as his test effect the increase m the number 
of reticulocytes released mto peripheral blood He 
reported that mcreases were also obtamed when serum 
from irradiated animals was injected mto non- 
irradiated ones, the effect not bemg species-specific 
These changes were observed fairly early after the 
irradiation 

The subject of chemical protection agamst bio- 
logical effects of 1onizmg radiation was reviewed by 
D W van Bekkum (National Defence Research 
Council, Holland), who discussed different groups of 
protective substances and critically examined possible 
mechanisms of action R Brinkman (State Univer- 
sity, Groningen, Holland) described techniques for 
examining the protective effect of chemicals against 
radiation-induced changes which could be measured 
very soon after low doses of irradiation These 
included measurements of the viscosity of synovial 
fluid, and of mtradermal pressure Effects of irradia- 
tion could be observed withm one second, and sero- 
tonin injected mtradermally was the most effective 
of the protective substances used M Ebert and 
A Howard (Medical Research Council and British 
Empire Cancer Campaign, Great Britam) described 
some of their latest findings with mert gases These 
gases suppressed the enhancing action of oxygen 
when used at pressures above atmospheric, but were 
less effective in the cold than at room temperature 
J F H Maism (University of Louvam, Belgium) 
had found that small doses of radiation could them- 
selves protect agamst the damaging effect of larger 
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doses Yeast cells were exposed for long periods to 
continuous irradiation which was not itself sufficient 
to kill the cells , thereafter, larger doses were required 
to produce a given killing effect on these than on 
control cells Rats which had been exposed to radia- 
tion m utero or as new-borns were more resistant than 
controls to radiation given afterwards 

Various types of immediate response to irradiation 
had been observed by O Hug (International Atomic 
Energy Agency, Austria), who showed a film which 
demonstrated reflex reactions of snails, sea urchins 
and ants It was clear that an immediate effect of 
radiation could be observed with nerve tissue, long 
thought to be comparatively insensitive to 1ts action 
A different type of immediate response was reported 
by A Forssberg (Instrtute of Radiophysics, Sweden), 
who has observed ieveisible effects of doses as low 
as 107? r on the fungus Phycomyces blakesleeanus, 
the growth-rate of the sporangiophore bemg m- 
mediately reduced Depression of growth-rate was 
accompanied by an 1nerease m the level of acid-labile 
phosphorus, and a shghtly delayed increase m lactic 
acid It was suggested that the use of adenosme 
triphosphate might be blocked by the radiation 

Radiobiologists continue to search for the bio- 
chemical links between the absorption of 1onizing 
energy and the manifestation of the effects observed, 
and various approaches were reported P Alexander 
(Chester Beatty Research Institute, Great Britain) 
gave an account of physico-chemical studies on effects 
of radiation on deoxyribonucleic acid on vitro and m 
herrmg sperm, ineluding a discussion of the pheno- 
menon of eross-hnkmg K I Altman (University of 
Rochester, United States) had studied the break- 
down of muscle collagen m rats previously fed with 
labelled amino-acids Whole-body radiation with 
lethal doses was followed by a reduction m the 
hydroxylation of proline and an merease in that of 
its precursor 

A Chevalher and S Manuel (University of Stras- 
bourg, France) found that one result of radiation 
which could be measured within a short time was a 
drop in the ascorbic-acid content of almost all tissues, 
particularly the spleen While this was true of animals 
mradiated as a whole, spleen slices irradiated om vetro 
did not demonstrate the phenomenon, nor was 1b 
observed when only the exteriorized spleen was 
irradiated The authors concluded that the drop in 
ascorbic acid in the spleen depended on effects on 
other organs P Mandel and P Chambon (University 
of Strasbourg, France) reported studies on ribonucleic 
acid synthesis in rat spleen after whole-body rradia- 
tion Accumulated nucleotides were found m this 
organ from 12 hours after wradiation R Goutier, 
M Goutier-Pirrotte and P Ciccarone (University of 
Liège, Belgium) exammed an effect which occurred 
soon after the comparatively low dose of 150 r 
(whole-body) to rats Changes in the deoxyribo- 
nuclease activity of the spleen could be detected after 
half an hour The activity of the extracted enzyme 
depended critically upon the methods used m pre- 
pari the sample The authors considered that the 
effect was due to a change in the enzyme molecule, 
and not to the effect of the irradiation on enzyme 
distribution 

H I Adler (Oak Ridge, United States) reported on 
observations with a variant of Escherichia colt which 
did not synthesize catalase One effect of radiation 
was to sensitize the cells to the action of hydrogen 
peroxide Irradiated cells exposed to its action were 
lulled, although they would otherwise have survived 
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Bacteria were used 1n two studies of the effects of 
low doses of radiation Marcovich (Institut du 
Radium, France) had exammed the induction of 
lysogenic bacteria, and concluded that the passage 
of a smgle ionizing particle through a cell was sufficient 
to brmg about this effect M Demerec (Carnegie 
Institute of Washington, United States) made use of 
three biochemical mutations which occurred spon- 
taneously with very low frequency, so that the genetic 
effects of doses as low as 8 5r could be assessed In 
all three cases, the number of mutations mduced was 
proportional to the dose at low doses, though the 
doses required to produce a given frequency of 
mutations differed for the three mutations chosen 
for study 

New observations on the genetic effects of 1omzing 
iadiation on mice were reported by W L Russell 
(Oak Ridge, United States) These have confirmed 
his previous report that if a dose in the range 200- 
600 r was delivered at 80 r/mm more mutations 
were 1nduced m spermatogonia than 1f the same dose 
was delivered contmuously as ‘chrome’ irradiation 
at 90 r /week or less This did not apply to mutations 
mduced in spermatozoa The genetic effect of a single 
dose on oocytes was greater than on spermatogonia, 
whereas the reverse was true of chronic mradiation 
L B Russell (Oak Ridge, United States) reported 
that chrome wradiation was less effective than an 
acute dose, delivered to embryos m them most 
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sensitive stage, m brmgimg about still-births and 
neonatal deaths 

Various tests of radiation damage were used by 
L J Cole (Naval Radiobiologieal Defense Labora- 
tory, United States) in comparing effects of single 
exposures and ‘chronic’ or fractionated radiation 
Single doses were less effective ın mducing leukemia 
or shortening the life span , but the effects of chronic 
irradiation doses on the fertihty of female mice were 
much lower than were smgle doses The effect of as 
little as 25 r in a single dose could be detected in 
weanlngs The injection of bone marrow, which 
protected agamst the lethal effects of 800 r, did not 
protect against loss of fertility 

Immunological aspects of tissue transplantation 
after 300 r of X-rays had been studied by P C 
Koller and S Doak (Chester Beatty Research 
Institute, Great Britain) After fifty days, the 
immune response of some ‘chimaeras’ had reverted 
to the host type, others had retamed the mmunity 
of the donor, and yet others gave a mixed response 

This very brief account of the subjects discussed 
at the symposium should make ıt evident how wide 
a range of materials, and how many different ap- 
proaches, are bemg used m attempts to clarify some 
of the outstanding problems m radiation biology 
The proceedings of the symposium are to be published 
as a supplement to the International Journal of 
Radiation Biology Toxrvan ALPER 


NUCLEAR FORCES AND THE FEW-NUCLEON PROBLEM 


ORE than 250 nuclear physicists, including about 
100 delegates from fifteen countries overseas, 
attended the international conference, which was held 
at the Physics Department, University College, Lon- 
don, durmg July 8-11 A conference on the behaviour 
of hght nucle: had not taken place for several years 
and was imitiated by physicists at Los Alamos and 
University College. As was stressed by Prof H S8 W 
Massey (University College), who opened the con- 
ference, although the orginal intention was to 
emphasize the few-nucleon problem, discussion of 
nuclear forces had inevitably to be included 
The conference consisted of five mam sessions, 
the first and longest bemg entirely devoted to the 
primary two-nucleon interaction In this session 
ieview papers were given by Profs R E Marshak 
(Rochester), R Wilson (Harvard), K A Brueckner 
(Pennsylvania) and G F Chew (Berkeley) on both 
the experimental and theoretical status of the prob- 
lem Interest centred on many sets of measurements, 
meluding triple scattermg and correlation experi- 
ments, as well as more accurate cross-section measure- 
ments at various energies and on ther interpretation 
in terms of the S-matrix Prof G Breit (Yale) 
presented an extensive search for phase-shift fits to the 
scattermg data up to 340 MeV, while comparison 
was made with phase-shifts derived from various 
phenomenological potentials by Prof Marshak 
There was discussion on both the necessity and 
theoretical justification for mcludmg spin-orbit and 
other velocity-dependent potentials in the two-body 
force Tho experimental papers were concerned with 
iecent triple scattering measurements m p-p scatter- 
ing at Rochester and Harwell and with p-p angular 
distributions at Minnesota Also n-p angular dis- 


tributions and polarization measurements from 
20-120 MeV were reported by Dr J J Thresher 
(Harwell) 

Dr J Iwadare (Kyoto) summarized the recent 
work done m Japan on the meson-theoretical two- 
nucleon interaction and its comparison with experi- 
mental data This was followed by Prof Chew’s 
paper, which reviewed recent work on the meson 
field-theoretical approach to the two-body problem 
starting from the Mandelstam conjecture on the 
analytical form of the scattermg amphtude The 
inclusion of the pion-pion interaction within the 
context of dispersion relations seems to be the next 
step ın the long struggle to obtam meaningful results 
from the meson theory of nuclear forees proposed 
by Yukawa ın 1936 

Prof Yukawa was chamman for the beginrung of 
the second session, on the scattering of nucleons 
by hght nuclei at high energy A review paper on 
the impulse approxunation by Dr H McManus 
(Chalk Raver) was followed by applications of this 
approach to the n-d and p-d case by Drs L Castillejo 
(Bomingham), R Phillips (Harwell) and by Japanese 
workers The problem was examined from the pomt 
of view of dispersion theory imn a paper by Gold- 
berger, Halpern and Blankenbecler (Prmceton), and 
corrections due to multiple scattermg were considered 
by Prof R J Glanber (Harvard) In this session 
there were reports by Drs A M. Cormack, T C 
Griffith and G Huxtable on experiments done at 
Harvard, University College and Harwell respectively 
on p-d and p-« scattering at energies between 50 and 
150 MeV 

The session on photonuclear reactions with lght 
nuclei opened with a review by Dr D Dixon 
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(Glasgow) Other papers were presented by Profs 
G Breit, A Klem (Pennsylvania) and Dr Iwadaro 
The effect on the theory of the photodisintegration 
of the deuteron of the spm-orbit force withm the 
n-p system stimulated much discussion 

The fourth session of the conference was devoted 
to the question of binding energies and elastic 
scattermg of hght nuclei at low energies The review 
papers were given by Prof H S W Massey and 
Dr P G Burke (University of London) on the three- 
body problem and on the elastic scattermg of 
nucleons by alpha-particles There were also two 
invited papers from Los Alamos Dr L Cranberg 
reported. on experimental results concerning total and 
differential cross-sections and also polarization 
measurements ^n the scattermg of low-energy 
neutrons from ?D, *H and ?He, while Dr L Rosen 
1eported on charged particle scattermg from *D and 
3H ab energies up to about 20 MeV These experi- 
ments led to several new checks on charge symmetry 
and time reversal invariance 

The contributed papers mecluded one on the 
ground-state energy of the triton, by Prof J M 
Blatt (Sydney) Usmg the Gammel-Thaler potential, 
no bound state was found for reasonable trial wave 
functions Among other papers from Los Alamos, 
Dr J L Gammel gave a preliminary account of 
attempts to mtegrate the n-d problem numerically 
and discussed the feasibility of spim-correlation 
experiments using *He as an analyser 

Polarization measurements m n-d and p-d 
seattermg at low energies, reported by Dr H-J 
Gerber (Zurich) and Dr R E Segel (North-western. 
University), indicate that there 1s very little polariza- 
tion at about 4 MeV A contribution from Dr N 
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Vlassov (Moscow), read by Dr I A Baz, on the inter - 
action of protons and deuterons with light nuclei 
ended this session 

The last session, with a title Reactions Involving 
Four or More than Four Nucleons", was opened by 
Dr B H Bransden (Glasgow) with his paper on the 
collisions of neutrons and of deuterons with *H and 
*He This paper was followed by a number of papers 
imvolving the application of the resonatmg group 
structure method to bmdmg energy and scattering 
calculations This method, as did the impulse- 
approximation method at higher energies m a pre- 
vious session, aroused considerable controversy durmg 
the discussion Nevertheless, rb was felt that some 
progress had been made, smce one type of mixture 
of exchange forces does seem to be simulating the 
exact force in more than one situation mvolving light 
nuclei 

Prof G Skornyakov (Moscow) then gave his paper 
on n-d scattering im the zero-range force approxima 
tion, this being a contribution to the previous session 
The three-particle problem is solved accurately m 
this hmi He also read a paper by Dr T Y Bart 
on p-T scattermg and alhed reactions 

The final papers were preceded by a review given 
by Dr V J Emery (Harwell) of the calculations 
of the binding energies of nucle: using the Brueckner 
method Prof Brueckner himself also presented a 
pape: on the Hartree-Fock method for strongly 
mteracting systems The conference concluded with 
papers by Profs N Austern and S Meshkov (Pitts- 
burgh) on preliminary calculations concerning the 
structure of ‘Lı and 1C 
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CHAGAS'S DISEASE 


IHAGAS'S disease or South American trypano- 
somiasis, occurring chiefly in Brazil and other 
countries of South America, is caused by Trypanosoma 
cruzi and is spread mainly by reduvnd bugs The 
disease was first discovered and described fully im 
1909 from the State of Mmas Geraes m Brazil All 
the significant observations regarding the causative 
agent, the vector, mode of transmission and symp- 
toms were made then, by that creative genius, Carlos 
Chagas In order to commemorate the fiftieth 
anniversary of this discovery, an international con- 
gess on Chagas’s disease was held at Rio de Janeiro 
during July 5-11 
Foreign delegates from European countries, Israel 
and the United States of America numbered more 
than seventy Approximately 300 others from Brazil 
and the neighbourmg countries of South America 
also attended At & short historical session at the 
Mistry of Education and Culture on July 4 the hfe 
and work and significance of the discoveries made 
by Chagas were described by various speakers 
The maugural meeting of the congress was held 
on July 5 m the National Faculty of Medieme from 
9 pm until mdnight, when addresses were delivered 
by Prof. Alessandri (Chile), Prof Lemoigne (Pasteur 
Institute, Paris), Dr Candau (director general, World 
Health Organization), a student im the Medical Faculty, 
Prof Moraes, director of the Medical School and dean 
of the University, and rephed to by Prof Carlos 
Chagas Filho 


The real business of the congiess began on the 
followmg morning at 9 am and lasted until 6 pm 
in a pavihon within the grounds of the Instituto 
Oswaldo Cruz Two or three sessions took place con- 
currently to discuss the disease im its different aspects. 
In one of the lecture theatres sumultaneous trans- 
lations from English, French, Spanish, Portu- 
guese and German were provided Chagas’s disease 
in the American continent was discussed fiom the 
pathological aspect and the different forms encoun- 
teed m the various South American countries 
described, meluding the clinical findmgs on the two 
human cases thus far reported from the southern 
United States Other papers on transmitting agents, 
animal reservoirs, cluding the opossum and arma- 
dillo, and their relation to the epidemiology of the 
disease as well as the characters of the human strains, 
were discussed Public health questions were 1eviewed 
in relation to the geographical distribution of the 
principal transmitters of the disease which infest 
human dwellings The anatomy and respiratory 
system of Triatoma infestans, the chief vector m 
Brazil, was deseribed On the followmg day the 
subject discussed m one section was the etiological 
agent, with emphasis on the physiology, metabolism 
and nutrition of the parasite Electron microscope 
studies of parasitized cells were included In another 
section immunological aspects of the disease, m- 
cluding complement fixation reactions, precipiti and 
skin tests, were dealt with and the isolation of 


No 4693 October 10, 1959 
immune polysaccharides from the organism described 
The occurrence of toxins in cultures of the organism 
appeared to be doubtful The epidemiology of the 
disease was discussed m seven papers Polymorphism 
which occurs in African trypanosomes was compared 
with that met with m T cruze, and observations made 
on the nature of their evolutionary cycles The 
session was concluded by the showmg of a film 
deahng with methods of eradication of the tsetse fly, 
which transmits the disease in Portuguese Africa 
On the same evening a meeting was held in the 
Brazihan Academy of Sciences from 9 pm until 
midnight, at which a paper was read on “Chagas as 
Protozoologist", and others on the metabolism, 
phylogeny and growth of the parasite The following 
day was devoted to the pathology of acute and 
chronic cases of the disease in different parts of the 
South American continent, throughout which the 
virulence of the causative agent varies Discussions 
took place on the myocardial, nervous, cerebro- 
vascular and blood protem changes mvolved, as well 
as on the condition of megacolon and megacesophagus 
now beleved to be causally related to the disease 
Further papers on epidemiology dealt with anımal 
reservoirs and with the feeding habits of domestic and. 
wild types of reduvud bugs The danger of blood 
transfusion as a means of spread was also dealt with 
Prophylaxis was best effected by spraying the sites 
where the vector was found, along with general 
hygienic measures Workers from different areas of 
South America, where the nature of the problem 
varies with the transmitting agent, contributed also 
on the followmg day The different clinical forms 
and diagnosis of the disease, includmg that met with 
in congenital cases, were described in seven papers At 
a special session the nature of the infection caused 
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by Trypanosoma 1angel» was described This parasite 
was fist described m 1920 by Tejera in Venezuela, 
where it infects Rhodnws prolixus, which is also the 
chief transmitter of T! cruz there The first forms 
were seen in human blood in Guatemala in 1946, and 
now 795 cases of infection have been deseribed m 
Venezuela, chiefly m children, but the infeetion is 
not of serious character At an evening session m 
the National Academy of Medicme further papers 
were read On the last full workmg day of the 
congress, eighteen papers were read, chiefly on the 
relationship of cardiac and nervous disorders, in- 
cluding megacolon and megacesophagus, to Chagas’s 
disease Discussions also took place on chemothera- 
peutic agents, but the sad fact remains that no 
curative agent 1s known for this disease A short 
ceremony took place durmg the morning at which a 
plaque, presented by the Argentinian delegation, to 
the memory of Carlos Chagas was unveiled 

On the same day a paper was read by Prof Jean 
Coudert on the action of T! cruz extracts on cancer 
cells, another by Wilham Frye on antibiotics in 
tropical disease, and Rene Dubos gave a talk on 
general aspects of infection 

The final meeting on July 11 was devoted to 
iound-table discussion of the subjects dealt with 
earlier in the week Resolutions were also submitted 
regarding the holding of another international con- 
gress within the next few years, but no definite 
decisions were arrived at Durmg the week more 
than 150 papers were 1ead Two medals were struck 
to commemorate the congress, each with the head 
of Carlos Chagas on one side, but differmg on the 
obverse side The proceedings of this mspiring 
congress will be published m due course 

J D FULTON 


SPECIAL CERAMICS 


HE challenge of temperature, which has inspired 

the metallurgist to some of his more notable 
developments, has m recent yeais been renewed and 
has been taken up by the ceramust, who 1s seeking 
materials of low creep resistance, high thermal shock 
1esistance and high hot-strength to meet the demands 
of propulsion engmeering, high-speed vehicles and 
nuclear engineermg The ceramist has for many 
years made his own special contribution to com- 
munications engineering, chiefly m the explortation 
of oxide-type materials, the field of non-oxide 
materials remained largely unexplored, but 1t 1s now 
bemg opened up by the drive for now materials m 
other engmeermg appheations The British Ceramic 
Research Association has for the past five years had 
a small group devoted to these studies and has been 
working in close co-operation with various Service 
departments and industrial concerns It was felt that 
some attempt to set up a forum for the exchange of 
ideas would be timely, and the outcome was a Sym- 
posium on Special Ceramics held at the Laboratories 
of the British Ceramie Research Association m Stoke- 
on-Trent durmg July 13-15 About 150 delegates 
attended the symposium and seven countries were 
represented The subject-matter of the symposium 
was divided mto four sessions deahng with — (1) 
properties and structure, measurements, (2) pre- 
paration and properties of nitrides , (3) preparation 
and properties of other non-oxides , and (4) furnaces, 
techniques, analysis, applications, etc 


After a welcome to the delegates by the chairman 
of the Association, Mr E James Johnson, and 
the director, Dr A T Green, the deputy director, 
Dr N F Astbury, gave an introductory lecture on 
the fields of application for new ceramic materials, 
and spoke of the special ceramics research programme 
of the British Ceramic Research Association, 1m which 
paiticular reference was made to boron nitride, a 
machinable dielectmie capable of withstandmg high 
temperatures, and to a new form of self-bonded 
silicon carbide and to silicon mitride Both the 
latter materials are bemg actively studied in con- 
nexion with rocket engmeermg The dependence of 
macroscopic properties on crystal structure and the 
trends observed in groups of materials of the same 
structure were discussed m a paper by Dr S N 
Ruddlesden (British Ceranuc Reseaich Association), 
who illustrated her arguments by non-oxides such as 
silicon xutride and boron phosphide, the latter bemg 
a new compound of the IIL-V series of zino-blende 
structures Luke silicon carbide, boron phosphide 1s 
very hard and ıb 1s a semiconductor with an energy 
gap of the order of 5 eV 

The greatest challenge that ceramics must face m 
meeting metals m them chosen field 1s the absence 
of ductility and ther comparatrvely low breaking 
strain The reply to this is bemg sought by a study 
of the properues of certam oxide crystals, and 15 was 
of special interest, therefore, that Dr F J P Clarke 
(UK Atomic Energy Authority, Harwell) was able 
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to give an account of his experiments on the room- 
temperature ductility of single crystals of magnesium 
oxide, together with his observation of slip bands and 
fracture startmg at the mtersection of these slip 
bands near a crystal face Dr Clarke discussed 
possible applications of his results to polycrystalline 
materials 

Methods of measurmg thermal conductivity re- 
quiring much less time than traditional methods were 
described by Mr T W Limdop (Morgan Crucible 
Co), and Mr R P Tye (National Physical Labora- 
tory) contributed to the discussion with an account of 
an even more rapid (< 1 mm ) comparator method 
A simple apparatus for the measurement of creep at 
high temperature (1,200? C ) was described in a paper 
by Messrs N L Parr and G F Martın, read by Mr 
D M Rae (Admmalty Matenals Laboratory) Dr 
Clarke ended the first session with a description of 
the effect of reactor mradiation on ceramic materials, 
which aroused some lively discussion on the damage 
mechanism and the neutron energies causing most 
damage. 

Siheon nitride ıs a hard, very strong material (the 
modulus of rupture at 1,200° C ıs of the order of 
18,000 Ib /sq im) which can be made mto shapes 
of accurate dimensions by nitriding pressed silicon- 
powder, since no contraction occurs during the firing 
Its preparation, its properties asan engmeermg material 
(it possesses very good thermal shock resistance and 
satisfactory resistance to creep) and 1ts microstructure 
were deseribed by Messrs N L Parr, G F. Martin 
and E R W May (Admuralty Materials Laboratory) 
In the subsequent discussion, Mr P Popper (British 
Ceramic Research Association) showed photographs 
of some mtmgumg spiral ‘whiskers’ of silicon nitride 
A new hexagonal form of Be,N, was deseribed by 
Drs A Rabenau and P Eckerlm (Philips, Aachen), 
who had studied the system Be,N,—S1,N, and found 
two other compounds, Be,SiN, and a wurtzite-type 
compound, BeSiN, 

There ıs a wide gap between organic plastic 
insulators, which can be easily shaped by moulding 
or machinmg but which cannot withstand high 
temperatures, and refractory msulators, which can 
withstand very gh temperatures but are difficult 
to make to accurate dimensional tolerances One 
material which helps to bridge this gap is boron 
nitride, a refractory insulator which can be easily 
machined, a property which 1s attributed to 1ts layer 
lattice erystal structure, which resembles that of 
graphite, with which 1638 isosteric It 1s not wetted by 
many molten metals and has a high electrical resist- 
iviby (10° ohm em at 1,300? C ) and high resistance 
to chemical attack The preparation of boron 
mitiide, its possible uses, the control of hot-pressmg 
and stability by additions of ‘impurities’ were 
described by Di T A Ingles and Mr Popper (British 
Ceramic Research Association) Other possible 
materials to bridge the gap are bemg sought 
m polymers which contain boron and nitrogen 
or phosphorus and nitrogen Tho paper by Messrs 
F W Amger and I M Herbert (Plessey Re- 
search Laboratories) on the preparation of phos- 
phorus-nitrogen compounds as non-porous sohds 
was remarkable for the presentation of so much 
morganic chemustry in the language of the organic 
chemist 

Knowledge of dissociation pressures 1s important 
m considering materials for high-temperature apph- 
cations, and measurements of the dissociation pres- 
sures of metallic silicades and of silicon carbide were 
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reported by Mr P Gueveson and Dr C B. Alcock 
(Imperial College of Science and Technology), who 
interpreted their results on a thermodynamic basis 
A novel way of preparing an extremely strong, dense 
silicon carbide, without the need for hot-pressing, 
was described by Mr P Popper The method 
mvolves heating a cold-pressed mixture of carbon 
and silicon carbide powder in an atmosphere of silicon 
vapour when, under appropriate conditions, a 
materialis obtamed with a density of 3 05 gm [em ? 
(corresponding to 95 per cent crystallographic density) 
and a modulus of rupture at room temperature of the 
order of 30,000 Ib /sq m Another silicide, Mo&:;, 
described by Mr J B Huffadine (Plessey Research 
Laboratories), has a very low electrical resistivity 
and is used m heating elements It has a remarkably 
high oxidation resistance and an expansion. coefficient 
substantially the same as alumma, from 0° to 
1,000° C It also adheres strongly to alumina if 
hot-pressed with this oxide, and ıb was suggested 
that composite MoS1, —A1,0, pressings could provide 
useful electrical components 

The preparation and properties of calerum fluoride 
ware were deseribed by Mr P Rado (Worcester 
Royal Porcelam Co) Although this material has 
8 very poor thermal shock resistance, it has 
found appheation as a crucible material for the 
reduction of metallic fluorides, particularly uranium 
fluoride 

Photoconductive materials have normally been 
used m the form of smgle crystals, but Drs W van 
Gool and J G van Santen (Philips, Emdhoven) 
showed that a polycrystalline aggregate of cadmium 
sulphide could be used as an element mn photosensitive 
devices 

Throughout the symposium attention was re- 
peatedly directed to the high-temperature techniques 
required in the preparation of special ceramics, and 
some of these were discussed in detail in the final 
session, which imeluded three papers on furnace 
design Dr A Z Borucka (Metals Research, Ltd ) 
described the construction of a furnace to give a hot 
zone (1,200° C) of very uniform temperature by 
having the furnace wmdings spht into several sections 
with the spaemg of the wmdings graduated m each 
section Dr M Cole and Dr Borucka (Metals 
Research, Ltd ) deseribed a novel replaceable heating 
element, consisting of a molybdenum heater encased 
m an alumima sheath through which hydrogen or 
another protective gas is passed These elements can 
heat a furnace with a capacity of several cubic feet 
to 1,800? C m either oxidizing or reduemg atmo- 
spheres, giving & uniform temperature distribution 
with no contammation of the furnace atmosphere 
The construction and advantage of various types of 
carbon-tube furnace, that 1s to say, the simple tube, 
the single-ended, hairpm-cut tube and the spiral-cut 
tube, capable of operating at temperatures above 
2,000? C «n vacuo or m controlled atmospheres, were 
described by Mr C J W Baker (British Ceramic 
Research Association) 

Many of the special ceramic materials cannot be 
melted under normal conditions, and so smterimng 
cannot be used as a means of densification The 
alternative technique ıs hot-pressmg, but this has the 
disadvantage in general that only simple shapes can 
be produced without further machmng Dr J § 
Jackson and Mr P F Palmer (British Thomson- 
Houston Research Laboratories) described an appar- 
atus designed for hot-pressing small speonnens of 
refractory hard materials to high density in graphite 
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dies heated by passmg a high current through 
the walls They reported the contraction of 
various carbides, borides and oxides as a function 
of temperature, and showed that reduction of 
particle size reduced the temperature needed for 
densification 

One of the difficulties of powder aggregation 1s the 
variation m density which may occur through the 
compact This difficulty can be circumvented by 
isostatic pressing, and the use of a reversible gel, 
such as a polyvinyl polymer, as a mould material 
giving substantially true hydrostatic pressures up to 
50 tonshn? was described by Mr T W Penrice 
(Production Tool Alloy Co) The technique ıs 
evidently applicable to quite complicated shapes 
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The analyst’s outlook on the new materials was 
touched upon in a paper by Mr H Bennett (British 
Ceramic Research Association) on the chemical 
determmation of niti ogen m refractory nitrides, which 
posed many new problems The final paper was a 
description by J Peyssou (CSF, France) of the 
possible variations of properties of ceramic articles 
caused by variations m firmg conditions and methods 
of manufacture 

The symposrum concluded with a tour of the 
laboratories of the Brrtish Ceramic Research Associa- 
tion The proceedings of the symposium are to be 
published by Heywood and Co as a book, “Special 
Ceramics”, which 1s being edited by Mr P Popper 

N F ASTBURY 


SOLID STATE PHYSICS 


CONFERENCE was held at Melbourne on 
“Sold State Physics” durmg August 17-21 

under the auspices of the Austrahan Branch of the 
Institute of Physics Grants fom Australian m- 
dustry, learned societies, government organizations 
and unrversities and support by the United States 
Government research authorities, the United King- 
dom Atome Energy Authority and the Canadian 
Government enabled several Americans, a Canadian 
and three Englishmen to attend Other States of the 
Commonwealth of Australia and New Zealand were 
well represented 

The matter was drawn from across almost the 
whole range of this enormous subject, and one could 
hope that 15 might set a style of conference where 
the programme would be not so specialized that only 
a few experts could really benefit 

The programme opened with a day devoted to low- 
temperature properties of metals and alloys Pre- 
cision lattice parameters, superconductivity and 
superfluidity, dislocation-phonon scattermg and elec- 
tron phonon drag effects were discussed The changes 
of lattice parameter m bismuth on alloymg set a 
challenge to the theorists, and the dislocation scatter- 
ing of phonons seems still to be m error by a factor 
assessed as between three and seventy by one 
speaker 

Electron field emission, low-energy  sputtermg, 
epitaxial growth and dislocation barriers at surfaces 
served during the next day to remund those present 
just how little of the surfaces of solids 18 understood 
The afternoon and followmg day were devoted to 
plasticity studies, when softening by adiabatic heat- 
ing was used to explain the serrated load extension 
curves of iron at temperatures mnmediately above 
the brittle fracture region, as well as for alummuum 
at very low temperature The dependence on orienta- 
tion of work hardenmg and of slip-system geography 
in face-centred cubic metals were presented, and ıb 
was clearly the opimon of the majority that current 
theories are far too sunple in them outlook The 
Peierls-Nabarro force, its connexion with lattice 
friction, and the significance of the friction term m 
the hardening curves formed a recurrent theme in and. 
out of the lecture room Prelummary results mdicate 
that rehable twm-fault densities may be obtained 
from the asymmetry of Bragg peaks and this may 
inject a httle more knowledge of the deformed state 
Measurements of the mechanical properties of the 


alkali metals at very low temperatures, along with 
optical microscope studies, have confirmed the X-ray 
evidence of shear transformations m sodium and 
lithium, and have brought to hght a great sensitivity 
to structural details m the transformation of the 
erystalline aggregate 

On the third day attention was swung to optacal 
properties of sohds, with papers on soft X-ray studies 
of the hight metals, infra-red and optical absorption 
m 10me crystals Dielectric properties of doped 
alkali halides, evidence for aggregation of F centres 
and new techniques and facts ın lammescence studies 
were the subjects for the remainder of the day The 
analysis of rare-earth spectra in crystals is getting 
steadily more detailed and very large-scale calcula- 
tions are rapidly elucidating the details of mter- 
actions withm the f electron-shell 

The last day saw an interesting mixture of papers 
the dreadful maze mto which theoretical physicists 
lead each other when the anharmome terms leadmg 
to thermal expansion are studied was on show, as 
was the theory of zone structure im liquids Here 
some progress seemed to be made for the one- 
dimensional model The magnetic structure of 
metalhe chromium and its alloys was discussed ım 
terms of magnetic properties and neutron diffraction 
evidence Then came the grand finale with one 
situation well on the way to elucidation and three well 
on the way to confusion The ordermg of «-brass at tem- 
peratures of about 135° O has been most convinemgly 
shown and will probably remove the few remaming 
anomalies ın the properties of the wCu—Zn phase 
in this temperature region But m copper the 
first annealing observed after very low-temperature 
bombardment now occurs at only 7°K, and the 
atomic processes involved get steadily more mysteri- 
ous  Polyerystalhne calcite or ‘marble’ plastically 
un-axially compressed at high hydrostatic pressure, 
largely recovers its axial dimensions on release of 
the hydrostatic pressure In hthrum fluoride as well 
as silicon iron, plastic hardening seems to denote a 
drop in dislocation speed under a given stress, 
indicating an merease m dislocation viscosity—or 18 1t 
a drop 1n effective stress ? 

It was a stimulating conference, and those from 
overseas were impressed to find such a wealth of 
first-class work, enthusiasm and hosprtahty in this 
rapidly growing and developing continent of Australia. 

W M Lomer 
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UNIVERSITY GRANTS IN GREAT BRITAIN 


HE annual 1eturns from universities and colleges 
m receipt of Treasury grants from the academic 
year 1957-58, now covermg twenty-one universities 
and three colleges, issued by the University Grants 
Committee, records a further crease m the number 
of full-time students to 95,442, compared with 89,866 
m 1956-57 (Pp 54  Cmnd 832 London HM 
Stationery Office, 1959 5s net) Statistics collected 
m October 1958 showed a university population of 
about 100,000, and this number 1s expected to reach 
at Jeast 110,000 by 1961-62 There were 6,180 full- 
tame and 2,208 part-time students from overseas 
within the British Commonwealth and 3,982 full-trme 
and 1,904 part-time students from foreign countries , 
for 1956-57 the corresponding figures were 6,115 and 
2,016 for the Commonwealth and 3,792 and 1,756 for 
foreign countries Of full-ààme new students 36 4 
per cent were in arts, 23 7 per cent m pure science, 
19 0 per cent ın technology and 13 7 per cent m 
medicine these figures compare with 38 7, 15 2,13 5 
and 26 1, respectively, in 1938-39 For full-time 
women students the correspondmg figures for 
1957-58 are 63 5, 20 0, 0 8 and 12 1, respectively, 
and for 1938-39, 64 7, 15 9, 0 8 and 162 Ful- 
time advanced students of pure science numbered 
3,853 (34 8 per cent), of technology, 1,916 (17 3 per 
cent), and of medicme, 968 (8 8 per cent), 3,007 
students were taking postgraduate courses m teacher 
trammg 
Of the full-tame students 76,687 were reading for 
a first degree, 3,937 for a first diploma and 14,069 
engaged m research or other advanced work, the 
corresponding figures for 1956-57 bemg 71,713, 3,969 
and 13,379, respectively Of the new full-time 
students, 24 0 per cent were m pure science, 15 4 per 
cent m technology and 9 3 per cent m medicme, 


for 1956-57 the corresponding figures were 23 8, 15 0 
and 9 6 per cent, respectively 

The proportion of assisted students was 79 2 per 
cent compared with 75 7 per cent m 1956-57 and 
71 9 per cent m 1953-54, rangmg from 92 2 per cent 
in Wales, 86 7 per cent m English universities, ex- 
eluding Oxford, Cambridge and London, to 67 2 per 
cent for Scotland Full-time teaching and research 
Staff mereased to 10,542, compared with 10,485 in 
1956-57 The proportion of full-time students 
residing m. colleges or halls of residence was 26 4 per 
cent compared with 27 4 per cent m 1956-57 although 
the total, 25,174, was higher The proportion of men in 
residence, excluding Oxford, Cambridge and London, 
was 22 4 per cent and of women, 38 6 per cent, whereas 
46,237 (48 4 pex cent) were in lodgings and 24,031 
(25 2 per cent) at home, compared with 46 per cent 
and 26 6 per cent, respectively, the previous year 

Of the recurrent ncome of £49,418,302 (an merease 
of £7,762,603 on 1956-57) £34,953,406 was from 
Parhamentary grants (70 7 per cent) Income from 
fees mereased from 11 2 per cent to 11 5 per cent, 
local authority grants decreased from 3 1 to 2 8 per 
cent, endowments from 4 0 per cent to 3 6 per cent, 
donations and subseriptions from 1 2 to 1 1 per cent, 
and payments for research (£3,008,898) from 6 5 
per cent to 61 per cent Non-recurrent grants 
m respect of capital expenditure amounted to 
£11,816,479 compared with £9,134,185 im 1956-57 
and of the recurrent expenditure of £48,335,053— 
an merease of £6,825,350 on 1956-57—7 1 per cent 
was spent on admunistration, 68 6 per cent on 
departmental maimtenance and 125 per cent on 
maintenance of premises Expenditure on libraries 
mereased from £1,620,958 to £1,821,943 but de- 
creased to 3 8 per cent of the total 


NUCLEAR RESEARCH IN AUSTRALIA 


N the sixth annual report of the Australian Atomic 
Energy Commission (Commonwealth of Australia, 
1958 Pp 62 Sydney  Austrahan Atomie Energy 
Commission, 1959), covermg the year ended June 
30, 1958, considerable space 1s devoted to the Com- 
musgion's Research Establishment at Lucas Heights, 
which was officially opened by the Prime Minister 
of Australia, the Rt Hon R G Menzies, on April 18, 
1958 Durmg the period up to the beginning of May 
approximately 4,500 visitors went to the Establsh- 
ment Many of the major buildings have been com- 
pleted and this has enabled the research staff to 
return from Harwell and to begin to design and 
assemble equipment for thew research projects 
The Commonwealth Government has approved a 
further buildmg programme mvolving an expenditure 
of £1 6 milhon durmg 1958-59 and 1959-60 on new 
laboratories and services, including engineermg ro- 
search laboratories, a building m which the fabrica- 
tion and chemistry of berylhum fuels can be studied, 
and post-:rradiation handling equipment 
The report details the work of the principal sections 
of the Establishment and the various research pro- 
jects to be undertaken The mam function of the 


Isotopes Section 1s the advisory service to industry 
and research, and 310 requests for advice on various 
aspects of isotope production were dealt with durmg 
the year Australian mdustry and research 1n com- 
parison with the United States of America or the 
United Kmgdom has, however, been slow to accept 
the use of radioisotopes The Section assisted in a 
large-scale field test, m which a radioisotope tech- 
nique was used to measure the efficiency of mixing 
m a coolmg pond m an electrical power station 
Other investigations mcluded the development of a 
method for the contmuous mvestigation of moisture 
content of brown coal, a technique for tracing 
sewage sludge ın sea disposal , siltation ın the Hunter 
River, and the use of radioisotope tracers in cloud 
physics 

A large proportion of the work of the Technical 
Physics Section has been concerned with the mstal- 
lation and commissioning of the control gear and 
instrumentation of the High-Flux Austrahan Reactor, 
at the Establishment Other equipment constructed 
and tested melude a fast scaler, usmg transistors, 
with ‘plug-in’ scales of ten, and a diserimmator with 
resolvmg tune of l usec , a beta-gamma come- 
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dence unit, and lnear amplifiers and semtillation 
counters for the Health Physics Section 

One of the ams of the fuel element research con- 
ducted at the Establishment : to develop a ‘self- 
breeding’ fuel m which thorium 1s present m such 
quantities that fissioned uranium is contmuously 
replaced by uramum-235 Berylhum and beryllium 
oxide are also being studied as moderator materials 
and fuel carriers Another problem under study 18 
the production of graphite which ıs impermeable 
to fission product gases and several methods of sealing 
mherent porosity are bemg mvestigated Research 
on a sodium-based liquid metal fuel reactor was begun 
at Harwell and 1s bemg contmued at Lucas Heights 
The expermental assemblies built by the Australian 
staff while at Harwell have been purchased and 
shipped to Australi) The sodium plant built by the 
Austrahan Atomic Energy Commission at the Re- 
search Establishment is a research tool designed to 
pump molten sodium at 500°C at 10 gall per min 
and it will provide facilities for carrying out research 
on compatibility problems, sodium component 
testing, heat-transfer investigations and the traming 
of staff in the handling of hquid metals 

In the sections of the report dealing with the 
search for, and miming of, uranium details are given 
of the airborne radiometric and geological surveys 
carried out by the Bureau of Mineral Resources 
There was a marked decline m interest m the search 
for uranium both by companies and individual 
prospectors This 1s attributed to the uncertainty 
regarding the future of the world uranium market 
The picture presented ın the report is that of a rather 
difficult period ın the years immediately ahead, 
but that the present rate of production could well 
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prove insufficient within the next decade The pro- 
duction of uranium oxide at Rum Jungle was lower 
than ın the preceding year Full-scale open-cut mung 
has been m progress at Mary Kathleen durmg the 
year and a large stock-pile of ore for treatment has 
been built up A recalculation of the ore reserves 
of the Mary Kathleen deposit has shown that the 
total reserves of recoverable uranium oxide are 
greater than was ongmally thought and more than 
enough to complete the contract with the United 
Kingdom Atomic Energy Authority 

A symposium on the “Peaceful Uses of Atomic 
Energy ın Australa” was held m Sydney durmg 
June at which 114 papers were presented Brief 
details of the proceedings are given m the annual 
report, and a record of the papers and discussions 
18 to be pubhshed The publication of a new quarterly, 
Atome Energy, giving information on developments 
1n and applieations of nuclear science and technology 
was commenced durmg the year, and the booklet 
entitled “Prospecting and Minmg for Uranium m 
Australa” was reprinted. Six atomic energy exhibi- 
tions in various towns in the Commonwealth were 
presented by the Commission in addition to several 
television programmes at national and commercial 
stations m Sydney The annual report concludes 
with a statement of the net expenditure of the 
Commission for the year ended June 30, 1958, 
details of the extra-mural research projects at various 
Australian universities , the names of the senior 
research staff and holders of the postgraduate 
research studentships and undergraduate scholar- 
ships, and a bibliography of the principal publica- 
tions of members of the Commussion, its staff and 
advisory committees 


CONSERVATION OF ENGLISH WALLPAINTINGS 


N recent yeais those interested in early wall- 

paintmgs have been greatly perturbed by ther 
condition and the rather haphazard methods some- 
tymes employed for ther preservation It was 
therefore more than timely in 1953 for the Central 
Council for the Care of Churches and the Society for 
the Protection of Ancient Buildmgs to appomt a 
committee to report on the nature and causes of the 
troubles which have been observed m such paintings, 
the remedies which could be apphed and the methods 
which would give the best hope of successful preserv- 
ative treatment m the future The report* was 
compiled under the able chairmanship of Mr W I 
Croome The committee included well-known 
archeologists and scientists who had made a special 
study of this problem 

At the outset the commuttee was seriously per- 
turbed by the use of varnish and wax as a preserv- 
atrve, for these act as relatively impervious skis 
and impede the rate of evaporation of moisture 
and cause disintegration of the surface As a 
prehmunary measure ıt advised that these two 
methods should cease immediately 

The report contmues with an instructive and 
necessary explanation of the technical terms and 


* The Conservation of English Wallpaintings — being a Report 
of a Committee set up by the Central Council for the Care of Churches 
and the Soclety for the Protection of Ancient Buildings Pp 30+18 
plates (London Central Council for the Care of Churches, Fulham 
Palace, 1959 ) 7s 6d 


materials used m wallpamting Then follows a useful 
summary of English and foreign practice m relation 
to wallpamtmgs with some pregnant notes on the 
effect of time. These clearly show that the con- 
servation methods used were not satisfactory 

It was therefore abundantly clear that much 
fundamental work was necessary and the constructive 
recommendations of the committee are based on the 
practical applications of its conclusions 

The mam recommendations deprecate the use of 
wax varnish, sodium silicate, or ethyl silicate for any 
preservative treatment ‘The use of caesin m a 
maximum 2 per cent solution m appropnate cases 
should be confined to the binding of loose pigment 
Lime water should be used for the consohdation of 
the plaster foundation, and 1n the case of dismtegra- 
tion of the pant 16 may be mixed with skim milk The 
committee stresses that since wallpamtimgs are hable 
to deteriorate under conditions of damp every care 
should be taken to make the church structurally 
sound and thus exclude any excessive moisture 

The commuttee feels that much further research 
should be undertaken on this problem and suggests a 
course of vramumg which will eventually provide a 
succession of practitioners for this important work 

The report concludes with some practical notes 
for the removal of wax preparations, retouching and 
overpamting, recording and some excellent ilustra- 
tions of work that has already been undertaken’ 
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KELLOGG AND NEY'S MODEL OF THE SOLAR CORONA 


N an article n a recent issue of Nature’, Profs P J 

Kellogg and E P Ney advance an entirely new 
theory of the solar corona The generally accepted 
explanation of the observed corona supposes that 
two components contribute to its hght a K com- 
ponent due to Thomson scattermg of sunlight by free 
electrons, which ıs the ‘true’ solar corona, and an F 
component due to diffraction scattering by dust lying 
between the Sun and the Earth The # component 
inereases relative to the K component with increasing 
angular distance from the Sun The new theory 
suggests that the corona is an assembly of charged 
particles trapped by the Sun’s magnetic field, 
analogous to the Van Allen belt of particles surround- 
ing the Earth The contribution of the F component 
18 regarded as much smaller than is currently sup- 
posed, and the continuous spectrum of the corona 1s 
thought to arise from synchrotron radiation as well 
as from Thomson seatteung The authors suggest 
that the existing observations of the corona can be 
at least as well described by their model as by that 
currently accepted 

Although the corona certamly shows puzzling 
features which are but imperfectly understood, the 
generally accepted physical description of the observed 
corona 1s less open to objection than Kellogg and 
Ney suppose This does not, however, rule out the 
possibilty of an alternative explanation such as the 
one they propose We thik ıt unfortunate that 
Kellogg and Ney have not compared the requre- 
ments of ther theory with the most recent and 
reliable observations They seem not to appreciate 
the care that 1s now taken m eclipse work to avoid 
errors which are known to exist m earlier observations, 
and have adopted uneritically those earher observa- 
tions that they have considered In this com- 
munication we wish particularly to show that the 
agreement of the new theory with observation is not 
as good as its authors represent, rather than to 
criticize their theoretical reasoning 

We have space to discuss only a few of the pomts 
made by Kellogg and Ney which seem to us especially 
open to objection For convenience these are taken 
in the order given m the origmal article 

Scale height of the corona The model developed 
by Kellogg and Ney is suggested by the supposed 
similarity between the gradient of electron density in 
the corona (as caleulated by these authors) and the 
gradient in the outer parts of the Van Allen belt 
The electron density ın the solar corona has been the 
subject of many careful investigations, and 1n modern 
models of the corona ıt 18 supposed that, at angular 
distances of the order of 5Ro from the centre of 
the Sun, electron scattermg contributes only about 
15 per cent to the brightness However, for the 
purposes of then theory, Kellogg and Ney calculate 
the electron density asswming that all the hght 
of the corona 1s due to electron scattermg even 
out to 10Ro In their calculation they use a 
crude law (1/R*) for the vanation m brightness 
with distance from the Sun, an approximate method 
for conversion to electron densities, and then 
plot the results incorrectly ın thew diagram 
(According to ther approximation, the electron 
density should vary with the lmear distance ro from 
the Sun as r5 the curve shown m ther Fig 1 
shows the variation as r-*) Although we shall show 


later that we believe i$ wrong to neglect the con- 
tribution of the F corona out to 10R o, we assume for 
the present with Kellogg and Ney that this 1s per- 
musg&ble Baumbach’s formula? for the brightness 
distribution fits the more modern observations (for 
example, those of Michard? and von Kluber!) within 
10 per cent As Baumbach was not aware of the 
existence of the F component, we may also adopt 
Baumbach’s electron densities, which assume a pure 
electron corona, and these are plotted im our Fig 1 
together with the curve from Kellogg and Ney’s 
diagram 

Comparing the two, we see that at 1079 from the 
Sun, and assuming electron scatteimg only, Kellogg 
and Ney have made a total error 1n electron density 
of a factor of x350 The similarity between the 
Kellogg and Ney distribution and the Van Allen 
distribution 1s now almost entirely lost 

In the latter half of ther article Kellogg andjNey 
remark that there are at least three outstandmg 
effects which are usually ignored in explammg the 
solar corona, these bemg the degree and direction of 
polarization, the mfra-red excess, and the variation 
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Fig 2 Direction of polarization (magnetie vector) of the coronal 
light observed by von Kluber at the 1952 eclipse (ref 4) 


with phase in the sunspot cycle This statement 1s 
not correct, at least the first two of the offects 
mentioned are an important part of the conventional 
theory 

Polarization of the coronal ight Kellogg and Ney’s 
second argument concerns the direction of the plane 
of polarization of the coronal hght If the coronal 
light ıs merely sunlight which has been scattered 
by electrons or dust, or both, ıt must be partially 
polarized with the magnetic vector lymg m & radial 
direction If, on the other hand, part at least of the 
light is synchiotron radiation, deviations from the 
radial direction would be expected which would 
depend upon the variation of strength and direction 
of the magnetic field along the lme of aught As the 
authors remark, the measurement of direction of 
polarization 1s a very umportant one At the same 
time 16 18 & very difficult one, and 1t 1s only m the last 
decade that the nature of the difficulties has been 
understood The sky background is strongly polar- 
ized, and except near the solar hmb has an intensity 
comparable with that of the corona Most of the early 
observations of polarization were madequately cor- 
rected for the sky background, even if the photometric 
procedures were adequate m the first mstance, and 
should therefore be rejected The first author to 
correct for the polarization of the sky background 
was Ohman?, who concluded from a careful analysis 
of his observations of the 1945 eclipse that the 
polarization. of the corona at 5000 A was radial at ail 
points examuned Reliable measurements were also 
made by von Klubert at a wave-length of 4300 A 
dunng the 1952 eclipse, his results are shown in 
Fu 2 

Von Kluber considers that almost all deviations 
from the radial direction may be attributed to 
observational error 

We now consider briefly the older observations 
quoted by Kellogg and Ney Zakharin’s observa- 
tions gave deviations of up to 80°, but Zakharm 
admits that the plates seem to be of very poor 
quality® Richtmeyer and Schmidt found an average 
deviation in three streamers of 9° and a maximum 
deviation of 17°, the original plates taken by Richt- 
meyer are of “moderate photometric quality” with 
wregular plate fog" Saito’s results’, not avaiable to 
Kellogg and Ney, relate to the mner corona (there are 
only a few measurements beyond 6’) , the deviations 
from radial polarization are all less than 15° and 
80 per cent of the measured deviations are less than 
7° Jt1s worth commenting that the method usually 
used to determine the plene of polarization, namely, 
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comparison of three simultaneous photographs, can 
easily lead to considerable error, especially m parts 
of the corona where there are large brightness 
gradients | Summaiizing, the best recent measure- 
ments do not support the large departures from 
radial polarization mdicated by the two diagrams of 
Kellogg and Ney’s paper 

The degree of polarization 1s not considered by 
Kellogg and Ney For Thomson seatterig the 
polarization can be computed once the distribution 
of electron density is known However, the com- 
puted electron density depends upon whether we 
assume that all the hght 1s due to electron scattering, 
or whether part of ıt ıs due to either dust scattermg 
or synchrotron radiation We therefore give in Fig 3 
two curves showing the computed polarization of the 
electron component only Curve A 1s taken from 
von Kluber’s work and is computed from the electron 
densities appropriate to a conventional model, curve 
B 1s taken from Baumbach’s work and 1s computed 
assuming that all the light of the corona is due to 
electron seattermg It is evident that the computed 
polarizations of the electron component do not 
depend critically on the form of the distribution of 
electron density Curve C shows the actual polariza- 
tion observed by von Kluber in the equatorial 
regions The reasonable agreement in the region 
close to the Sun (1 08 5-1 5R o) supports the electron 
scattering theory Farther from the Sun the observed 
polarization becomes progressively smaller than that 
required for a pure electron scattering model, the 
explanation for this ın terms of F and K components 
1s that the part seattered by electrons is bemg diluted 
by an unpolarized component due to scattermg by 
dust This seems a quite satisfactory explanation 
which is quantitatively supported by other evidence 
(for example, the observed equivalent widths of 
Fraunhofer hnes) which we do not consider here 

The infra-red excess of the corona The colour and 
infra-red. excess of the corona have also been the 
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subject of recent investigations Briefly, the results 
are that close to the Sun the colour 18 not significantly 
different from that of the average solar disk?, but in 
the outer parts the infra-red excess becomes appre- 
cable , at a distance of 2 5&o and at a wave-length 
of 1 9u 1t has been measured to be 2 17 Such an 
excess ıs naturally explamed by the diffraction theory 
of the F corona!? ‘That there is dust m the solar 
system 1s shown by the existence of the zodiacal hght, 
and both van de Hulst! and Allen!? have shown 
independently that both the F corona and the 
zodiacal hght can be explained by a single model for 
the interplanetary dust The variation ın infra-red 
excess mentioned by Kellogg and Ney is again 
accounted for by a varyimg ratio of electron com- 
ponent (with colour identical with that of the Sun) 
and dust component (which shows an mfra-red excess) 

We may remark here that after allowmg for the 
dust corona m the conventional model the true 
electron densities in the outer solar atmosphere are 
considerably lower than mdicated by the Baumbach 
curve in our Fig 1, and in fact are in rather better 
agreement with Kellogg and Ney’s curve—but not 
for the reason these authors suggest However, at 
10rp there still remains a discrepancy of about x40 
between the true electron density and the lower value 
given by Kellogg and Ney 

There is & contradiction here that 15 not satisfac- 
torily explamed by these authors m their article. If 
the conventional electron densities, or particularly 
Kellogg and Ney’s densities, are accepted, the 
computed brightness at large distances from the Sun 
is much smaller than the observed brightness In 
conventional theory the extra hght arises from dust 
scattering, but Kellogg and Ney attribute ıt to syn- 
chrotron radiation If this attribution ıs correct, 
synchrotron radiation must inerease m importance 
with mereasing distance from the Sun—and mdeed 
we have shown that the mfra-red excess mereases m 
the outer corona But synchrotron radiation does 
not explain the existence of unbroadened Fraunhofer 
lines m these parts of the corona, although these 
hnes are satisfactorily explamed m terms of scatter- 
ing by mterplanetary dust particles far from the 
Sun 

We shall not detail other criticisms which we feel 
could be made, but mention one last observational 
pomt Kellogg and Ney propose that if the solar 
corona ıs really analogous to the Van Allen particle 
belt, one might expect a maximum ın the coronal 
intensity close to the Sun They believe that such 
a maximum might exist, supposing that “the problem 
of reversal in photographic emulsions has previously 
masked the possible presence of a maximum" So 
gross an effect as photographic reversal has not 
complicated the mterpretation of eclipse photographs 
m any competent observations made since the 
1890’s There are m fact other much more subtle 
sources of error 1n. the photometry of such a difficult 
object as the solar corona, and these errors may 
more readily be overlooked m photoelectric than m 
photographic photometry The most careful work 
m this region has never shown a maximum. of the 
kind suggested by Kellogg and Ney, and its existence 
1s very doubtful 

We agree with Kellogg and Ney that further 
observations of the polarization over a greater range 
of wave-lengths are required and should be made at 
future eclipses Also, 1t 1s unfortunate that the most 
reliable measurements of polarization, and to some 
extent of mfra-red excess, have been made near 
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sunspot mumumum , repetitions near maximum would 
be of value 

However, we are of the opinion that the authors 
have not substantiated their claim that this anteresting 
new theory accounts better for the observed proper- 
ties of the corona While 1$ may be that synchrotron 
radiation is a third contributor to the coronal light, 
we do not thmk the present observations support the 
postulate that sufficient synchrotron radiation exists 
to justify a major modification. to the present two- 
component model of the corona 
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We wish to express our appreciation for the 
critical comments made by Drs Blackwell and 
Dewhurst concerning our suggestions about the nature 
of the solar corona We are not professional astron- 
omers and for this reason we may have placed undue 
emphasis on certain published literature, with perhaps 
too little emphasis on other literature more generally 
accepted by astronomers We do feel, m spite of the 
remarks of Drs Blackwell and Dewhurst, that under 
each of the topics which were discussed in our original 
article, experimental evidence exists which makes the 
possibilty of synchrotron radiation from a mag- 
netically contamed corona at least a very plausible 
hypothesis 

The principal objection of Drs Blackwell and 
Dewhirst seems to rest on a question of termmology 
To us, the F corona is not a real part of the corona, 
but represents & spurious effect which must be 
removed In the interests of brevity, we omitted 
any mention of the experimental difficulty of separat- 
ing the F-coronal light from. that of the electron 
corona, except for one or two comments, but we are 
aware of at least part of the evidence for the existence 
of the F corona ‘Thus the curve which we marked 
curve l ın our Fig 1 ıs supposed to represent the 
electron density and not the total coronal light It 
was plotted as 1/H9 not by mistake, as Blackwell 
and Dewhirst nnply, but to represent the currently 
accepted electron densities Eclipses subsequent to 
the one observed by Turner have led to electron 
densities falling off as 1/R* 1nstead of 1/R5, as would 
have been obtamed from the 1898 eclipse alone In 
order to obtam electron densities at large distances, 
the F corona must of course be removed Con- 
sidering the rough nature of the ideas involved and 
the difficulties of measurement, we consider that the 
result 1s m reasonable agreement with our curve 
We pointed out the similarity of the solar corona and 
the radiation belt to mdicate the attractrveness of 
eonfinng charged particles by a magnetic field, m 
contrast to a gravitationally confined atmosphere. 
The comparison with the Van Allen radiation is 
intended only to be suggestive, and obviously no 
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very close agreement ıs to be expected However, 
the most recent observation of the radiation belt by 
the Iowa group shows even better agreement with 
the coronal curve 1 than the results shown m curve 3 
of our original article 

It ıs unfortunately true that the measurements of 
Zakharin were made with some instrumental difficul- 
ties and the resulting plates were not of the highest 
quahty. Nevertheless, these and the other measure- 
ments quoted by us remain the only measurements 
of the direction of polarization of the coronal hight 
which were made near sunspot maxunum It seems 
very likely that synchrotron radiation will be 
observed only near solar maximum Agam, Nikonov’s 
measurements of the infra-red excess were probably 
not as well done as the measurements by Blackwell 
m the 1952 echpse Nevertheless, as they stand, 
they do not agree with the idea that the mfra-red 
excess 18 due to the scattermg by dust, since Nikonov 
observed that the infra-red excess was greatest at 
sunspot maximum when the electron density in the 
corona 18 greatest, and therefore the relative con- 
tribution of the F corona should be least So long 
as there are no more modern experiments to replace 
this Russian work, the answer to the questions which 
‘we are discussing must remaim m doubt 

In defence of our basic idea, we believe that Drs 
Blackwell and Dewhirst have taken too seriously the 
details of our suggestion but have tended to overlook 
or musunderstand the mam features of a trapped 
corona Our concept is that magnetic fields anchored 
at the surface can act as guiding centres for particles 
which may then be confined between mmor points, 
as they are m fact m the Earth's magnetic field We 
accept as a workmg hypothesis that magnetic fields 
exist in the region of the solar corona We also 
believe, because of cosmic-ray evidence, that the 
Sun 18 able to myject high-energy particles mto these 
magnetic fields If high-energy electrons are mjected 
into magnetic fields, then synchrotron radiation will 
automatically occur In fact, if the corona were 
examined m light of long enough wave-length, the 
synchrotron radiation would necessarily be observable 
We wish to emphasize the pomt, which was made in 
our article, that the extent of the trappmg of particles 
in the corona may depend strongly on solar activity, 
and therefore polarization and infra-red excess 
measurements made at sunspot mimimum are 
definitely not evidence against our suggestions 

Perhaps the title of our paper, “A New Theory of 
the Solar Corona”, was too ambitious, since our 
model requires so many of the constituents of the 
description of the corona currently accepted The 
comments made by Drs Blackwell and Dewhirst 
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seem to mdicate that they beleve we would reject 
the deseription of the corona m terms of K and F 
corona This is not correct; we certamly beleve 
that the majority of the visible light from the mner 
corona 1s produced by Thomson scattermg by slowly 
moving electrons, and it 1s almost impossible to 
escape the conclusion that the outer corona must be 
largely composed of dust grams, as has been very 
effectively discussed previously by Dr Blackwell 
We feel, however, that ultimately some experiment 
will reveal the existence of trapped particles, and that, 
it is possible that this experiment may consist of 
measuring m redder and redder light the polarization 
of the corona at times of high solar activity Should 
the experiments m the visible or near infra-red. reveal 
synchrotron radiation, our postulate of the mag- 
netically trapped corona would be confirmed How- 
ever, we do not believe that the absence of syn- 
chrotron radiation at visible wave-lengths would 
disprove our hypothesis Our calculations show that 
m. order to see synchrotron radiation in the visible 
region of the spectrum, an integral energy spectrum 
for trapped particles would be required that goes at 
least as slowly with energy as 1/E An energy 
spectrum which falls as steeply as 1/E* would not 
produce synchrotron radiation m the visible region 
in great enough intensity to be seen agamst the 
background of the Thomson scattered light 

The reason for presenting our article in Nature was 
that a study of the literature to which we referred 
had in fact convinced us that enough doubt existed 
as to the coronal polarization to justify an intensive 
expermental study of the problem at sunspot 
maximum In the months that have followed since 
its submission, we have designed and constructed 
electronic telescopes which use photomultipher 
detectors and television raster scanning to measure 
the polarization out to three solar radu m a pattern 
consisting of approximately 900 individual pomts 
The polarization will be measured in fixed positions 
in the corona and the sean will proceed from one 
position to the next until the entire area is covered 
This method elimmates many of the mherent diffi- 
culties mvolved m photometric measurements of 
coronal polarization The equipment which we have 
designed ıs to carry out the programme just described 
six times during the total eclipse of October 2, 1959, 
and we therefore hope that, cloud-cover permitting, 
we will be able to contribute some useful results on 
this rather mmportant problem 

Epwarp P Neyv 
PavnL J KuerroaG 
Sehool of Physies, 
University of Minnesota 


PROTON RESONANCE RELAXATION TIMES IN MOBILE LIQUIDS 


By Dr. J G POWLES and D CUTLER 
Physics Department, Queen Mary College (University of London), Mile End Road, London 


E have measured the proton magnetic resonance 
relaxation times, T, at 250 + 25 gauss and 
at 5,000 gauss and T, at 0 75 gauss, for a number of 
organic liquids and solutions at 25°C The results 
are summarized in Table 1 
Although T, and T, have not been measured at 
the same field and so are not strictly comparable, 
the results suggest that T, may be appreciably 


shorter than 7, The difference 1s most strkmg for 
the benzene solutions Some examples m which 
TT, = T, have been observed, and also cases where 
more than one chemical type of proton is present 
have been studied? 

Both T, and T, are strikingly shorter in fluoro- 
benzene than 1n any of the other substituted benzenes 
The short T, 18 mmpler ın the results of Elliott and 
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Table 1 VALUES OF T, AND-T, IN SEQ FOR VARIOUS ORGANIC LIQUIDS AND SOLUTIONS AT VARIOUS FIELDS AND AT 25° C 
T, + 10 per T, +10 per T; + 5 per Literature values of T,t | Literature values of Tat 
Liquid cent at cent at cent at (1n see ) at field (1n gee ) at fleld 
0 75 gauss 250 4. 25 gauss 5,000 gauss (1n gauss) (in gauss) 
Water (1,0) 27 36 36 3 4(a) | 2,000 and 2 7 (d) 7,000 
7,000 (temperature not stated) 
3 5 (b) 1,050 
3 4 (g) 7,000 8 0 (e) 05 
Cyclohexane (0C,H.,4) 85 55 71 6 5 (b) 1,050 — — 
Benzene (C,H,) 11 18 — 19 3 (c) 9,500 i7 (e) 05 
19 0 (b) 1,050 10 (d) 7,000 
Nitrobenzene (CsA, NOs) 83 67 6 5 (b) 1,050 — — 
Ch.orobenzene (O HCl) 70 125 E 15 (b) 1,650 — m 
Bromobenzene (C,H.Br) 40 70 140 — — — 
Fluorobenzene (C,H,F) 07402 07402 — — — 0 4(f) 05 
78 1 per cent O,H,* in CS, 80 175 — — — — — 
40 5 per cent CH, in CS, 55 24 — — — — 
71 7 per cent C,H, in CCl, 60 16 — — — - -— 
42 0 per cent C,H, in CCl, 80 28 — ~ — ~ — 




















* Molecular 


+ Corrected to 25°C using viscosity if at slightly different temperature 





References for literature values in Table 1 


Shumacher? at 0 55 gauss, although they do not 
claim to have measured a value of T, 

Ti for the benzene solutions rises with dilution 
and would probably reach the value of T, = 60 sec 
observed by Nederbragt and Reilly? at 9,500 gauss 
for 8 per cent benzene m carbon disulphide measured 
by the recovery from saturation This emphasizes 
the anomalous nature of the T', values 

The measurement of T, at any field-strength is 
Straghtforward Measurement of T, 1s much more 
difficult and values of T, m excess of about 1 sec 
require special care We have taken considerable 
pams to ensure a true measure of Ta, as has been 
briefly deseribed?, and which will be discussed in 
detail elsewhere? 

For water a difference between T, and T, at 
7,400 gauss has been reported’ but the sample 
evidently contained dissolved oxygen and so the 
values are not strictly relevant The value of T', 1s 
well established and appears to be mdependent of 
the field A value of 7, of 3 0 sec has been reported? 
and a value of 2 7 sec 1s plicit m the measurement 
of Meiboom and Gill? at 7,000 gauss Another result? 
appears to be T, ın presence of a radio-frequency 
field 

For benzene the value of T, of about 18 sec is 
well supported and ıs independent of the field 
A T, value of 16 + 3 sec at 20°C and 0 5 gauss 1s 
reported from direct measurement of lme-width? 
A reported value’ of T', of 18 5 sec , at 2,000 gauss, 
was measured in the presence of the radio-frequency 
field, and theory! indicates that this T, should 
have the same numerical value as T, as observed 
We note an apparent dependence of the field of T, 
in bromobenzene and possibly m cyclohexane 

Although the difference of T, and T, is most 
strikmg for the longer relaxation tunes, ib i8 more 
realistic to consider the quantity (L/T) — (1/T) 
This is of order of magnitude 01 sec-? If the 
relaxation times are shorter than about 1 sec, such a 
difference is difficult to observe! 

Current theories of nuclear resonance relaxa- 
tion1%.14,20 indicate T, = T, for these materials, since 
the molecular correlation time, te, 18 of order 10-11 see 
and the highest resonance frequency, œr, 18 of order 
10° ris so that wte<1 A difference only arises 
for slow interactions, that 1s, w,te > 1, and then ıb 
is usually very dependent on the field 

The magnitude of the difference could be explained 
by the static interaction of any given proton with 





(a) = 17, (b) «18, (c) — 4, (d) - 8, (0 — 7, (D) 28, (g 19 


one other proton at about 300 A (about 50 molecular 
diameters), but since we have observed exponential 
decays, a substantial static mteraction contribution 
is excluded This led us to consider the possibility 
that the difference could arise from interactions with 
distant protons which although weak, because of the 
factor 7-5, are numerous However, calculations in 
which the motional effects were allowed for, usmg 
the self-diffusion equation, showed that the effect is 
too small (We are grateful to Mr D P Rooke for 
assistance with these calculations ) Most other known 
interactions make equal contributions to T, and T,, 
for example, direct dipolar, anisotropic chemical 
shift, anisotropic indmeet mteraction and para- 
magnetic ions m low enough concentration The 
difference of T, and T, for water has been explamed* 
in terms of the slow fluctuating field produced as a 
result of proton-exchange processes However, this 
effect should be proportional to the square of the 
field and ıt can scarcely explain benzene, cyclohexane, 
etc The only moderately plausible general explana- 
tion. we have found 1s that of a fluctuating isotropic 
indireet spin-spin (J type) mteraction A constant 
J mteraction does not cause lne-splittmg (except 
in. fluorobenzene) because the protons are equiva- 
lent However, if this coupling is explicitly de- 
pendent upon time, ıb becomes observable because 
the Gutowsky, McCall, Slichter!5 theorem 1s no longer 
vahd It contributes to 7, but not to T, A similar 
but not identical effect 1s found in liquid hydrogen 
fluonde! However, ın order to produce (1/T,) — 
(1/T,) ~ 0 1 sec -* with J ~ 10 c/s, the couphng 
must be interrupted at about 105 times per sec 
This might bo brought about by relatively infrequent 
‘violent’ collisions between molecules Proton ex- 
change 1s ın this sense a violent collision The large 
effect m the benzene solutions would then be 
oceasioned by the large electric fields produced by 
the polar solvent molecules However, mterruption 
of J at this rate ıs unlikely, except ın dissociating 
molecules, because J-type splitting of tens of cycles 
per second between mequivalent nuclei is observed 
m molecules in similar circumstances 

Other experimental results on molecules contaming 
more than one chemical type of proton will be 
discussed elsewhere? 

The measurements of T', at 5,000 gauss were made 
by Mr A Hartland 

Note added «n proof A recent report?! of measuro- 
ments at 6,500 gauss shows precise agreement 
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with our measurements for water but T, ~ T, for 
benzene The explanation of the difference between 
T, and T, for water m terms of surface effects m 
the small sample seems scaicely applicable to our 
sample of 200 ml 
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POSSIBLE MECHANISM OF CYSTEINE PROTECTION AGAINST 
RADIATION CATARACT 


By Mas A PIRIE 
Nuffield Laboratory of Ophthalmology, University of Oxford 


AND 


L G LAJTHA 
Radiobiology Laboratory, Department of Radiotherapy, Oxford 


XPERIMENTS have shown that cysteme mjeoted 
into an animal shortly before the eye 1s irradiated 
willlargely prevent development of radiation cataract 
von Salmann, Munoz and Barr! compaired the 
histology of the lens epithelium in rabbits madiated 
with oi without a previous injection of eysteme and 
tentatively concluded that initia] mbhibition of 
mitosis by X-ray was unaffected, but that the number 
of nuclear fragments that developed after mradiation 
was smaller in the cysteme-treated lens von Sall- 
mann ef al used a dose of 1,500 1 and ıt seemed 
possible that 15 might be easier to show histologically 
that cysteme affected radiation damage if the dose 
were nearer the threshold for mitotic inhibition We 
have therefore examined the effect of a pre-irradiation 
myection of cysteme on the mitotic mhibition, the 
subsequent mitotic overshoot and on the production 
of fragmented nuclei ım the lens eprthelrum of rabbits 
using a dose of 500 r to the right eye The methods 
deseribed by Pme and Drance? were used Com- 
parisons were made between ltter mates and between 
night (irradiated) and left (not radiated) lenses of 
the same rabbit These experiments have confirmed 
von Sallmann’s earlier results The mhibition of 
mitosis 18 as great and even more prolonged after 
cysteme myection followed by X-wradiation than 
after X-irradiation alone The lens epithelium of the 
cysteme-treated rabbit shows no excess mitosis after 
mhibition has worn off In two experiments a dose 
of 300 r was given and again cysteme treatment did 
not prevent complete mitotic arrest at 24 bi Fig 1 
shows that at all stages exammed (2-28 days after 
X-ray) fewer fragmented nuclei were present m. the 
lens epithelrum of the cysteme-myected rabbit than 
m that of the animal radiated without cysteme 
treatment 
But we noticed that m the cysteme-mjected 
rabbits the epithelium of the lens of the left, non- 
madiated eye also showed an mhibrtion of mitosis 
This inhibition could be estimated through a com- 


parison with the non-mradiated left eye of a litter 
mate not myected with cysterne In order to determme 
the degree and duration of this mbhibition of cell 
division by cysteme a series of experiments was done 
in which one 1abbit 1ecerved an injection. of cysteme 
and a litter mate was used as a contiol, no radiation 
bemg given to erther Such pairs of rabbits were 
killed at mtervals after the cysteme mjection to one 
of the rabbits and comparisons made of epithehal 
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Fig 1 Effect of cysteine injection on the development of frag- 
mented nuclei ın the lens epithelium after X-irradiation 
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Tig 2 Effect of cysteine injection on mitosis rn the lens epithelium 


histology Fig 2 shows that cysteme injection 
arrests muxtosis m the lens eprthehum from 24 hr to 
4days This inhibition of cell drvision then gradually 
wears off without any subsequent excess of dividing 
cells or formation of fragmented nucle: or abnormal 
forms up to 28 days after cystems myection 

von Sallmann et al? had previously found in two 
rabbits that mitosis was normal 2 hr and 8 hr after 
mjeetion of eysteme We examined lenses, 30 min, 
4, 12 and 16 hr. after cysteme and found mitosis 
only slightly if at all depressed at these times The 
total number of dividing cells and the proportion n 
prophase and succeeding phases of mutosis were 
unchanged compared with the control lenses But 
at 20 hr matosis was only 53 per cent of the control 
and at 23 hr ıb had fallen ın one rabbit to 32 and 
in another to 8 per cent 

1 gm /kgm ıs a very large dose of cysteme and 
was used only because this dose has been shown 
to prevent irradiation cataract For myection, 
eysteme hydrochloride was, m most experiments, 
neutralized with sodium hydroxide and injected, m a 
total volume of 5-8 ml, into the ear vem of the 
unanesthetized rabbit It was noticed that the 
animals became almost mmmediately quiet, and m 
some cases their hmd legs became mco-ordinated and 
they did not feed for some hours Controls injected 
with an equivalent amount of sodium chloride or 
l gm glyeme per kgm did not show these signs, 
nor was there a fall in the mitoses of the lens epi 
thelium In one experiment the cysteme hydro- 
chloride was neutralized by shaking with ‘Dowex-1’- 
bicarbonate resm, and the carbon dioxide blown off 
by passing mtrogen through the solution, thus 
avoiding the presence of sodium chloride in the 
solution to be mjected The rabbits mjected with 
this solution of cysteme showed the same signs of 
meo-ordmation as those injected with cysteine 
neutralized with sodium hydroxide and the fall in 
mutosis in the lens epithehum was also apparent 

The question arises whether mitotic arrest by 
cysteine ıs related to ıts protective effect agamst 
X-ray damage to the lens von Sallmann, Dische, 
Ehrlich and Munoz? found that cysteme and cystine 
reached a maximum m the aqueous humour about 
l hr after mtravenous injection After a dose of 
2 gm cysteme to an adult rabbit a concentration of 
40 mgm cysteme/100 ml aqueous humour (8 mM) 
was reached The concentration of cystine was about 
the same, both gradually dechned over the next 
few hours Protection of the lens against radiation 
is effective 30 mm after cysteme mjection and, in 
spite of the fact that mutotic arrest cannot be 
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demonstrated for at least 19 hr after cysteme 
injection, ib seems reasonable to consider that the 
reaction(s) between cysteme or cystme and cell 
constituent(s) which leads to mitotic arrest must take 
place shortly after injection when cysteme and 
cystine are present m the aqueous humour von 
Sallmann et al! consider that mitosis ın the lens 
epithehum may take only 30 mm, but mterphase 
must be prolonged, probably taking several days as 
m corneal epithelium (Friedenwald and Sigelman!) 
If cysteme mterrupted some process early ın mter- 
phase, all cells already past that pomt in the mitotic 
cycle could divide normally before amy mitotie arrest 
became apparent This could explam the slow 
development of mitotic mhibition by cysteme 

The effect of cysteme on synthesis of deoxy- 
ribonucleic acid was investigated in human bone 
marrow cells «n vitro by measuring the incorporation 
of formate labelled with carbon-14 or thymidine 
labelled with tritium mto deoxyribonuclere acid’! 

Cysteme, 1n a concentration of 1 mM, produced a 
60-80 per cent depression of synthesis of deoxy- 
ribonucleic acid as indicated by gram counting on 
autoradiographs , a concentration of 0 1 mM also 
produced a significant depression, rangmg from 
30 to 50 per cent 

The concentration used m the rabbits was 1 gm / 
kgm , which corresponds to a concentration of about 
10 mM ın the whole animal, the concentration m the 
aqueous humour bemg of the order of 1 mM (von 
Salmann e£ al 3) 

The following is a scheme of the mtermutotie cycle 
where S 1s the period of synthesis of deoxyribonucleic 
acid, G, and G, are pre- and post-synthetic gaps 


respectively 
/:* 
S 


8, 


Vot 184 


Mitosis 





Mitosis 


If synthesis of deoxyribonucleic acid is reversibly 
depressed m a cell, the onset of mrtosis will be delayed 
If the G, period is not affected then the delay m 
mitosis will appear only after a certam period, that 
18, cells already in G, period can proceed normally 
and enter mitosis, but the ‘feed’ of cells into the G, 
period will be depressed if the S period ıs elongated 
The findmgs on mitotic counts m lens epithelium 
indieate that this, m fact, may be the case the 
depression in mutosis by cysteme i8 observed only 
after & certam period (presumably corresponding to 
the length of G, period in these cells) 

It 18 not known at this stage whether processes in 
the G, period are affected by cysteme or not It is 
unhkely, however, that such concentrations of 
cysteme would affect synthesis of deoxynbonucleic 
acid only—nuclear phosphorylation is known to be 
affected by large doses of cysteme (Stocken and 
Creasey, personal communication), and Mazia! has 
shown that mercaptoethanol wil inhibit division of 
the fertilized egg of the sand dollar, he suggests this 
is due to a reaction between mercaptoethanol and 
the protem which forms the mitotic spindle He 
considers that formation of the fibrous spmdle 
requires S—S links between protein molecules and 
that mercaptoethanol prevents their formation by 
competing with the available SS or SH groups 

If the process in mterphase which 1s interrupted by 
cysteine hes earlier than the process which is radio- 
sensriive, then so long as arrest by cysteme is revers- 
ible, one can postulate that cysteme protection is 


October 10, 1959 


related to its ability to arrest mitosis Such protec- 
tion ean never be complete, as some cells will be ma 
stage of the mitotic cycle that 1s msensitive to cysteme 
but is radiosensitive Cysteme protection agamst 
radiation cataract has m fact never been found to 
be complete 
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cysteme radiation 
division — a > b —Il-+ ¢ — d —li- e — f — prophase — division 
eae 1 MM MM— et M M 
interphase mitosis 
(several days) (80 min ) 


The above scheme suggests a possible mechanism, 
but there is no evidence that this ıs a correct hypo- 
thesis, and the possibility of enhanced recovery 
phenomena m. cysteme-treated cells should also be 
borne in mind At present there ıs only the observa- 
tion that cysteme arrests cell division m the lens 
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epithelium of the rabbit and that if given before 
wradiation the number of fragmented nucle: that 
develop afterwards 1s reduced Previous work has 
shown that cysteme largely protects from X-ray 
cataract 

Thanks are due to the Medical Research Council 
and to the National Council to Combat Blindness 
Ine, New York, for expenses grants, and to Mrs M 
Overall for skilled technical assistance 
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RELEASE OF ADENOSINE TRIPHOSPHATE AND SEROTONIN 
FROM INJURED CELLULAR BLOOD ELEMENTS IN 
EXTRACORPOREAL CIRCUITS 


By Dr. H S S SARAJAS, Dr. R. KRISTOFFERSSON and Dr. M. H. FRICK 


Institute of Physiology, University of Helsinki; Zoological Institute, University 
of Helsinki, and Wihuri Research Institute, Helsinki 


ORPUSCULAR blood trauma, especially red cell 
and platelet damage, 18 still a problem inherent 
to extracorporeal circulatory systems, moeludmg the 
heart-lung machines? Hamolysed blood has been 
reported to possess vasodilator properties attributed 
to the release of adenosme triphosphate and/or 
closely related compounds from injured red cells? 
Platelets, m turn, are known to contain large amounts 
of 5-hydroxytryptamme serotonin)‘, a biogemic 
amine with powerful vasoactive, bronchomotor and 
other effects’ In consequence, the question arose 
whether these humorally actmg agents would be 
released into plasma in extracorporeal blood circuits 
and whether the resultant humoral pathological blood 
changes would serve as a guide for disentanglmg the 
mechanisms of some complications associated with 
the use of heart-lung machmes for open cardiac 
surgery 
As a tentative approach to the problem an arterio- 
venous (femoral artery—superficial jugular vem) shunt, 
consisting of a polythene tube 1 m long, was created 
ın four dogs and five rabbits pretreated with sub- 
cutaneous pethidine hydrochloride (2 mgm /kgm ) 
and anesthetized with intravenous sodium pento- 
barbitone (30 mgm /kgm) To mimic the blood 
trauma in the current heart-lung machines with 
greater surface area, pumps and filters, the inner 
surface of the shunts was mtentionally ‘cleaned’ with 
steel-wool Just prior to opening of the shunt the 
animals were heparmized (5 mgm /kgm) In the 
period of extracorporeal circulation via the shunt 
the corpuscular blood changes and the whole blood- 
and plasma-levels of adenosme triphosphate and 
5-hydroxytryptamine were observed For that pur- 
pose three blood samples of about 4 ml were taken 
with a siliconized syringe needle from a rubber tube 
meorporated to the shunts The first blood sample 


was taken unmediately after openmg of the shunt 
and the subsequent samples 30 and 90 mm later 
The corpuscular blood changes were determmed by 
using routine techmques The whole blood- and 
plasma-levels of adenosme triphosphate were de- 
termined by the colormmetric micromethod of Rehell 
et alë The 5-hydroxytryptamune content of whole 
blood and plasma was, after overnight extraction 
in cold acetone (4? C), assayed by the method of 
Erspamer’ based on the contraction of cestrous virgin 
rat uterus The urmary excretion of this substance 
and 5-hydroxymdoleacetic acid (the main excretory 
product of 5-hydroxytryptamine) was studied in dogs 
only The urmary bladder was catheterized mme- 
diately after mduction of anesthesia Then the 
urme excreted before (45 or 90 mm) and durmg 
(90 mm) extracorporeal circulation was collected, 
measured. for volume and analysed for 5-hydroxy- 
tryptamine and 5-hydroxyindoleacetic acid The 
former was assayed by the same technique as that 
m blood and plasma, the latter accordmg to the 
speetrophotometrie method described by Udenfriend 
and associates? 

No major alterations were found in the whole- 
blood adenosine triphosphate durmg extracorporeal 
errculation This was particularly true for dogs, 
while in rabbits some decrease m the whole- 
blood adenosine triphosphate became evident The 
erythrocyte count and the hematocrit values, 
correspondingly, remained. substantially unaltered m 
dogs, while in rabbits there was some decrease in 
the erythrocyte count and hematocrit values At 
the start of extracorporeal circulation no adenosine 
triphosphate was detected in the plasma of erther 
rabbits or dogs In both rabbits and dogs, however, 
mereasing amounts of adenosme triphosphate ap- 
peared m the plasma durmg extracorporeal circula- 
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rabbits than m dogs (as terminal phosphate-P , fiom 
zero to an average of 0 9 mgm /100 ml and fiom zero 
to an average of 0 35 mgm /100 ml ,1espectively) We 
had the mpression that the degree of hemolysis, 
estimated visually from the colour of the plasma in the 
successive samples, paralleled the changes m the 
adenosme triphosphate of the plasma , with mcreasmg 
hemolysis more adenosme triphosphate was detected 
inthe plasma ‘The whole-blood 5-hydioxytryptamine 
generally showed a clear-cut trend to decrease during 
extracorporeal circulation in both rabbits and dogs 
Concomitantly the platelet counts fell, while the 
plasma 5-hydroxytryptamine levels were increased 
Again, the drop m the platelet count was more 
pronounced in rabbits than in dogs (on the average 
from 318,000 to 71,000/eumm and from 329,000 to 
249,000/cu mm , respectively) The same held for 
the fall in the total white cell count observed m 
both rabbits and dogs In contiast to the plasma 
adenosine timphosphate, considerable activity of 
5-hydroxytiyptamme was found in the plasma at 
the start of extracorporeal circulation (average 
0 2 ugm jml in rabbits and 0 025 ugm /ml m dogs) 
In rabbits the levels of plasma then steadily mereased 
during extracorporeal circulation (up to an average 
of 0 38 ugm jml) In dogs the plasma 5-hydroxy- 
tryptamine increased m the early period of extra- 
corporeal circulation (on the average fiom 0 025 
ugm [ml to 0 045 ugm /ml), but towards the end 
of extracorporeal circulation 5-hydroxytryptamine of 
the plasma showed some tendency to fall The 
urmary excretion of 5-hydioxytryptamine in dogs 
prior to extiacorporeal circulation averaged 0 002 
gm [mm In two of the four dogs there was actually 
no activity of 5-hydroxytryptamme in the urme 
before extracorporeal cuculation In the urme 
collected durmg the period of this enculation the 
activity of 5-hydroxytryptamme was consistently 
increased, the urmary excretion of 5-hydroxy- 
tryptamme attamed an average level of 0 005 ugm / 
mim Reverse changes were noted in the urmary 
excretion of 5-hydroxyindoleacetic acid, this fell 
from an average of 0 78 ugm [mm before extra- 
corporeal circulation to an average of 0 38 ugm /min 
during this eneulation 

Adenosme compounds are presumably liberated 
fiom all mjured tissues Platelets, for example, are 
uch not only in 5-hydroxytryptamme but also con- 
tain appreciable amounts of adenosine triphosphate? 
However, proceeding from the knowledge that red 
cells are particularly rich in adenosme compounds, 
includmg the phosphate, that they are susceptible- 
to mechanical trauma? and that them total mass m 
the circulatory system 1s enormously greater than 
that of the other cellular blood constituents, it 1s 
obvious that the red cells were the main source of 
the adenosine triphosphate released mto the plasma 
in the present experiments According to Udenfriend 
and Weisbach‘, platelets contain all the 5-hydroxy- 
tayptamine present ın the whole-blood, while none 
1s found in the plasma Yet we found considerable 
aclaviby of 5-hydroxytryptamme m the plasma already 
at the start of extracorporeal circulation This may 
be explamed by the fact that after short centrifuga- 
tion at low running rates, as used to avoid hemolysis 
in the present experiments (for 10 mun at 2,000 
rpm), the plasma still contains platelets! Never- 
theless, the gradually mereasing levels of plasma 
5-hydroxyiryptamime durmg extracorporeal ecula- 
tion, with an associated fall m the platelet counts, 
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indicate that 5-hydroxytryptamme was steadily 
liberated from dismtegrated platelets The con- 
sistently inereased urmary excretion of 5-hydroxy- 
tryptamine during extracorporeal circulation further 
indicates that 5-hydroxytiyptamme was actually 
released into the plasma 1n the period of this circula- 
tion, for mereased urinary excietion of 5-hydioxy- 
tiyptamune has been observed after administration 
of exogenous 5-hydroxytryptamune! Finally, the 
definitely higher levels of whole-blood (and plasma) 
5-hydroxytryptamine in our rabbits as compared 
with those in dogs, the platelet counts bemg equal, 
are ın agreement with the figures for 5-hydioxytrypt- 
amme content of platelets ın these species! 

The blood trauma in the present experiments was 
of the same general degree as that m the current 
heart-lung machines On the other hand, exogenous 
adenosine tiiphosphate and 5-hydroxytryptamune at 
minute dose-levels have been reported to elicit vaso- 
dilatation and systemic hypotension$$)? Intense 
bronehoconstrietion*, pulmonary vasoconstriction® 
and potentiation of the action of hypnotics (bar- 
biturates) aie futher reactions to exogenous 
5-hydroxytryptamine With these facts m mund Ib 
seems possible that the complications associated with 
the use of heart-lung machines for open cardiac 
surgery, such as hypotension, cyanosis and a delay 
in the recovery from anssthesia with eventual death?, 
might be largely effected by such physiologically 
highly active agents as adenosine triphosphate and 
5-hydroxytryptamme liberated into plasma from 
myured cellular blood constituents Significantly 
enough, even m the present experunents deepening 
of the anesthetic-level during extracorporeal en cula- 
tion, as well as a delay in the 1ecovery from 
anmsthesia, were repeatedly observed In addition, 
5-hydroxytryptamine has been found to be about 
one hundred times as effective as histamme m raising 
capillary permeability and ın produemg cedema 
Taken togethe: with the above results, ıt also seems 
possible that such unexplamed features as the 
cedematous changes m perfusion preparations of 
different types and more particularly the myocardial 
cedema, continuously inereasmg coronary flow and 
‘“Spontanmsuffizienz” known to occur m the heart- 
lung preparations!® would be causally related to the 
humoral pathological blood changes under con- 
sideration The present results are bemg described 
and discussed in detail elsewhere!’ 
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AMPLITUDE-MODULATION RADIO-TELEMETRY OF 
NERVE ACTION POTENTIALS 


By ROGER M. MORRELL* 


Montreal Neurological Institute, Montreal 2 


NFORMATION concerning the functioning of 
intact ammals has been successfully telemetred 
to remote pomts from satellites, mussiles, large 
centrifuges and other situations! The present report 
describes experiments in which the response of a 
single type of excitable tissue (nerve trunk or fibre) 
was relayed to and recorded at a distant pomt by 
telemetry The basic problem ıs one of transmitting 
& pulse to the preparation at a distant point, and 
receiving the response to this stimulus at the pomt of 
transmission 
This series of experiments passed through several 
phases which will be described in another communi- 
eation? The system made use of two radio links, 
one for each direction in which mformation was to 
flow, and was set up m one building The required 
stimulatmg pulse was produced by a Grass S4-C 
stimulator and used to amphtude-modulate a Halh- 
crafters S-27RS radio transmitter by means of the 
Model 115 amplhtude-modulator of Measurements 
Laboratory (Boonton, New Jersey) The modulator 
operated at a munumnum external modulating fre- 
quency of 30 cycles, provided up to 100 per cent 
modulation with low envelope distortion, allowed 
accurate metered per cent modulation calibration, and 
produced amplitude modulation of the stimulus 
intelligence with negligible accompanymg meidental 
frequency modulation, thus ellowmg narrow-band 
receiver operation In accordance with amplitude 
modulation theory, the stimulus, or modulating 
voltage, was introduced in the plate voltage supply 
lne and added to the plate supply voltage at a rate 
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Fig 1(4)  Plate-modulated output stage Explanation in text 


Transmitter Y relays stimulus signal £o receiver 1 
demodulates signal intelligence and (C) impresses stimulus on to stimulating electrodes via impedance network — Piek-up electrodes 
feed response through matching network to transmitter I1, then relay response (also monitored on CRO) back to (D) receiver II, 


and magnitude determined by the modulatmg signal 
and the modulator output In this type of system, 
developed by Hartley, the carner signal originates 
m a crystal-controlled oscillator, 1s raised to full 
power by amplifiers, and 1s modulated in the final 
stage of power amplification which operates Class C 
Since the load 1s fixed, as the voltage level changes 
because of the modulation, the tank voltage swing, 
the plate current operating angle, and the current- 
pulse form and amplitude change so that the de 
plate voltage varies hnearly with respect to the 
Square root of the power output This permits 
distortionless amplitude modulation, but the modu- 
lator must supply power equal to one-half of the un- 
modulated carrier power at 100 per cent modulation 

The radio-frequency carner can be expressed as 
y = A (t) cos y (t) and m amplitude modulation the 
signal invelhgenee (nerve stimulus and response) 
is made to contiol the amplitude parameter of the 
carrier by the relation 


A (t) = [A0 + af(t)) 
= [A001 + maf (t)}] 

The scheme for the plate-operated output stage 
and a block diagiam of the entire system will be 
found ın Fig 1 A complete mathematical analysis 
of the carrie: and amplitude spectra may be found 
elsewhere? 

The antenna used to recover the signal at a distant 
pomt was a vertically mounted dipole designed foi 
optimum reception of the tuned frequency (72 25 
Me [s ), fed into a coaxial transmission cable The 
inteligenco present m the amplitude-modulated 
wave was recovered by impressing the modulated 
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wave on a non-linear network which, for low-strength 
signals, employed a voltage-current characteristic 
represented by the followmg terms of & Taylor series 

ao Ip + Gye + Gye? 1) 
where the predominant term 18 Ge? The carrier and 
first side-frequency pam which result from the 
amphtude-modulation of the carrier Eno by the 
modulating wave ME,cosw,t were impressed at the 
input of this network The impressed voltage, 
contamung the stimulus mtelligence, can then be 
written. 


e = E smog + KE {sin (o, + 91) t + 


It 1s found by combination and substitution that the 
square-law term yields a series of waves The 
wave corresponding to the origmal imtelligence is 
G,ME?cose! ^ Its amplitude ıs proportional to the 
square of the voltage This wave was then amplified 
and fed through a network which matched the output 
impedance of the recerver to the bipolar stimulating 
electrodes. In operation, the receiver’s S-meter 
was used as a carrier-level mdicator for amplitude 
modulation, and the best records were obtained with 
the receiver tuned slightly to one side of the carrier 
frequency A Ferris model 18-B signal generator 
was used to align the recerver, which was also a 
Halherafters model S-27RS In later experments 
employing frequency modulation a separate stage of 
the recerver assembly, known as the ‘frequency umt’, 
rectified the alternating current output of the 
receiver, and the de output of the frequency umt 
was fed to a visual meter and recorder 

The response of the preparation was picked up by 
silver-silver chloride electrodes, and after source- 
impedance matching and amplification, modulated 
another radio transmitter which transmitted the 
information back to the originating pomt Here, after 
demodulation and amplification, the pulses were used 
to activate a strip-chart recorder (Leeds and Northrup 
Speedomax Type G Model S 60000 series) Sciatic 
nerves of bullfrogs (Rana catesbiana) and radial 
or ulnar nerves of dogs (Canis canzs) were used A 
total of 11 nerves was tested Single motor fibres 
were used 1n some experiments, which closely followed 
the bridge-msulator technique of Tasaki! Details 
of those studies will be included in ref 2 With tho 
distal end crushed, whole nerves were placed on two 
pairs of electrodes m a humid chamber at 20°C 
The location of the active pick-up electrode was 7 5 
em distal to the stimulating cathode and 1 2 cm 
proximal to the mactive pick-up electrode The 
distal electrode was connected to earth and the 
proximal one was anode during the pulse The 
monophasic action potential was monitored at the 
site of the preparation by de amplification and dis- 
play on an oscilloscope The stimulating pulse, 
measured at the output of the distent receiver, was 
0 1-0 8 msec in duration, and its amplitude was 
adjusted to be supramaximal for beta fibres 

The duration of the responses was 1-3 msec and 
the maximum amplitude about 30 mV The wave 
form of the action-potential was not recorded, but 
sunply the fact of 1ts having occurred The por- 
tion of the record m Fig 2 shows the responses of 
the mkwriter to slow stimulation rates, and shows 
also that the write-out 18 proportional to amphtude 
Thresholds as determined by the onset of activity of 
the mkwriter varied from 14 to 15 mV, and did not 
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Fig 2 Photograph of segment of ink write-out showing (4 
threshold of 15 mV (at arrow) for a single nerve EA) 


differ significantly for amphibian as compared with 
mammalian nerve 

Conduction velocity was determined by the spacing 
between the rectangular pulse outhnes on the 
record and ranged in all nerves from 23 5 to 36 8 
m/sec In some experments reproducible records 
were easily obtained for 15-20 br, durmg part of 
which the whole system could be left unattended 
except for changmg the paper or fillmg the ink-reser- 
vou of the recorder For auditory momtorig durmg 
such periods a loudspeaker was connected to tho 
5,000-ohm terminals of receiver IT 

The special problem encountered in this application 
of telemetry 18 the matching of receiver output and 
mput impedance-levels to bipolar stimulating and 
recording electrodes and the matching of the trans- 
mutter modulator mputs to the output of the stimu- 
lated nerve, with the assumption that the resting 
resistance 1s about 20 k-ohms max and that the 
resistance during activity 1s no more than 10 per cent 
of that value 

Theoretically 1t ıs possible for the nerve to be 
stimulated by the carrier wave itself In general, 
for earner frequencies at which losses m the pre- 
paration are not too great, the shape of the carner 
envelope for the directly applied carrer would be 
expected to have the same shape as that obtamed with 
adc pulse Since the response 1s transmitted over a 
radio Imk it 1s more convenient to use the dc pulse 
for stimulation 

The electrical process of the nerve impulse is a 
signal similar to those encountered m data-handing 
telemetry systems used for aircraft and missile 
testing and for satelite expermnents It ıs now 
possible to determine the effect on the whole nerve 
or single fibre (f properly packaged) of magnetic, 
gravitational or radiation fields at very high altitudes, 
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in vehicles undergoing changes in acceleration The 
long periods of time during which the output of the 
nerve 18 relatively constant when stimulated remotely 
by & constant stimulus assure adequate data for 
statistical analysis The method therefore allows 
measurement of changes m angular acceleration, both 
positive and negative Basic physiological data which 
can be collected in such circumstances include 
threshold, rheobase, chronaxie, strength-duration 
and strength-latency curves, refractory periods and 
eritical stimulus interval for 2 stimul Controlled 
variation m potentials led from electrodes mmplanted 
im animal brains can also be studied by this means, 
either on the ground or m guided or orbital flight 
By using a frequency modulated /frequency modulated 
multichannel system of the type commonly employed 
in satellite research, the wave-foim of the action 
potentials can be recovered with fidelity through 
high-frequency interrogation during the passage of 
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impulses Its relationship to environmental variables 
ean then be determmed With imterval-measuring 
equipment at present available, nerves might be used 
in orbital vehicles as biological clocks to determine 
directly whether or not there ıs a relativistic shift 
for excitable tissue’ This cannot be done at present 
with intact animals or astronauts 

I wish to thank Messrs W Boynton, R Bottom, 
and A Fisher of the United States Weather Bureau 
for valuable advice concerning the operation of the 
transceiver umts Mr P Baby of Electromechanical 
Research, Inc , furnished helpful references 


a ee R ‚and Charlton, F E , Amer Scwntest, 47, No 1 (March 


* Morrell, R M (in preparation) 

*Qucca, C. L , “Harmonies, Sidebands and Tiansients in Communica- 
tions Engineering" (McGraw ull, 1952) 

*Tasaki,I,J Gen Physwl, 39, 377 (1956) 

* Morrell, R M , ‘Proposal for an Experiment to Dete:mine the Degree 
of Relativistic Shift in Electrical Processes of Nervous Tissue at 
High Velocities” (unpublished) 


COMPOSITION OF A PARAFFIN WAX FRACTION FROM 
TOBACCO LEAF AND TOBACCO SMOKE 


By Dr W. CARRUTHERS and Dr. R A. W JOHNSTONE 


Medical Research Council Carcinogenic Substances Research Group, University of Exeter 


HE paraffin wax of tobacco leaf and smoke is 

generally regarded as a mixture of n-paraffinic 
hydrocarbons, with n-hentriacontane as the major 
componenti? The isolation of pure paraffin hydro- 
carbons from both leaf and smoke has been claimed 
in a number of instances! >, but 16 1s open to question 
whether the specimens were, ın fact, homogeneous, 
foi in every case the melting pomt was the only 
criterion of purity employed and ıt has been shown 
that melting points alone do not afford a rehable 
guide to the purity of paraffime hydrocarbons? 

We have obtamed additional evidence of the com- 
plex nature of the wax through mass spectroscopie 
and gas-liquid chromatographic analyses of factions 
obtained from green tobacco leaf (Nicotiana tabacum, 
Delerest variety), from the ‘black’ fermented tobacco 
of a variety of Argentinian cigarettes and from the 
smoke of these cigarettes The analyses were very 
kindly carried out for us at Thornton Research Centre, 
‘Shell’ Research, Ltd, through the generosity of 
Dr R Graham, and the results, shown in Tables 1 
and 2, indicate clearly that the wax from each of the 
three sources 1s a mixture of broadly simular com- 

















Table 1 Mass SPECTROSCOPIC ANALYSIS OF PARAFFIN WAXES 
Source of wax | 
Green leaf Fermented Cigarette smoke 
tobacco 
Carbon 
No n- a n- t n- t- 
Alk- Alk- Total) Alk- Alk- Total| Alk- Alk- Total 
anes anes anes anes anes anes 
25 09 0 09| 07 0 07 0 0 0 
26 06 0 06|12 0 12 05 0 05 
27 30 09 39| 59 08 67| 52 08 00 
28 01 0 01; 09 0 09; 05 0 05 
29 66 159 225| 68110 173 52 153 205 
30 09 25 84/06 16 22 10 15 25 
31 241 244 485/266 204 470|257 202 459 
32 39 24 803|51 20 71 43 19 602 
33 108 33 141/181 89 170) 143 35 178 
Total | 509 494 1003/60 4 397 1001| 567 432 999 














The n-alkane/t-alkane ratio is based on an accepted sensitivity 
ratio of 1/10 


position n-Hentriacontane is the mam mdividual 
component, but appreciable quantities of the neigh- 
bourmg odd-numbered homologues and small amounts 
of the even-numbered homologues are present as well 
Dr Graham has informed us that the precision of 
the mass-spectroscopie analysis 1s not high, and no 
significance should thus be attached to the apparent 
small differences 1n composition of the three waxes 
An interesting and novel feature of the results 1s the 
lugh proportion of zso-alkanes disclosed by mass 
spectroscopy So far as we are aware, $30-alkanes 
have not previously been detected m the paraffin 
wax of tobacco or indeed of other plants, although 
them presence in cigarette smoke has been noted’ 
(Smee writing this article, we have seen a publication 
by Mme Suzanne Barbezat (J Recherches du Centre 
National de la Recherche Scwntifique, 45, 273 , 1958) 
in which ıb 1s reported that the paraffins of tobacco 
and tobacco smoke, though predommantly normal, 
may contain branched cham isomers Dr A I 
Kosak has also mformed us that he and Dr J S 
Swinehart have detected branched cham isomers 
in the paraffin fraction of cigarette smoke We are 


Table 2 Gas-LIQUID Ce eee ANALYSIS OF PARAFFIN 
AXES 


Fermented Cigarette 

Green leaf tobacco smoke 

was wax was, 

Percentage area n— C; — — 01 
n » 8—ÜC. 05 Dee 06 
js 5 n— Cog 03 03 04 
n , nh—ÜO, 75 44 63 
» n^n—ÜCs 06 10 11 

M s n— Os 88* 92* 74 
i iy nOs 3 9t 71 3 8t 
fe s nin 47 0* 46 5* 43 4* 
e 20 &—-0», 125 180 13 0 
» s2 n—Üs 18 9* 15 5* 22 8* 
^ o ^—Üsni = S 11 

















Column 8 ft , silicone grease E 301 on 52-85 mesh ‘Silocel’ at 288°C , 
nitrogen flow-rate, 1 61 /hr 
* These peaks were composed of two unresolved peaks The results 
given include both peaks The impurity is probably a very slightly 
branched paraffin ° 
These peaks were probably due to »—Cs, paraffins but this was 
not fully confirmed 
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mdebted to these authors for telling us of this result 
before publication) The Thornton workers have 
interpreted the present results as due to the presence 
of 2-methylalkanes 

For the preparation of the materisls for analysis, 
neutral extracts of the tobacco and a neutial fraction 
of the cigarette smoke condensate were chromato- 
graphed on alumma and the initial waxy fractions 
eluted with light petroleum (bp 40-60°C) were 
treated with urea in warm methanol’? The resulting 
adducts were washed with light petroleum, decom- 
posed with water, and the recovered paraffins 
crystallized once from benzene-ethanol The meltmg 
points and elementary analyses are shown in Table 3 
The waxes showed no light absorption m the ultra- 
violet, indieating the absence of unsaturated com- 
pounds, and their mfra-red spectia determmed on a 
Perkin-Elmer ‘Infracord’ spectrometer were very sım- 
ar to that recorded for n-triacontane? The method of 
isolation does not rule out the presence of «so-paraffins, 
for ıt 1s known that slightly branched paraffins will 
form urea adducts if the main chain ıs long enough? 
Attempts to obtain additional evidence for the presence 
of 1so-alkanes by high resolution infra-red spectroscopy 
in the 1,500-1,300 cm -! region were mconelusive m 
the absence of suitable reference compounds 


Table 3 





Source of wax | Green leaf | Fermented tobacco | Cigarette smoke 








Melting point | 60-63° C 60-63° C 61-64° C 
Elementary €, 854 C, 85 4 C, 854 
analyses H,145 H, 143 H, 145 





Little consideration appears to have been given 
to the possibility that the considerable amounts of 
paraffin wax in cigarette smoke may play some part 
in its carcinogeme activity’? In this connexion, 
attention might be directed to the report by Horton, 
Denman and Trosset that the production of tumours 
on mouse skm by 3 4-benzpyrene and by 20-methyl- 
cholanthrene was considerably accelerated and the 
tumour medence mereased when the carcmogens 
were &ppled m conjunction with a large excess of 
certam high molecular weight hydrocarbons, including 
some n-paraffünie hydrocarbons Tt is not mconceiv- 
able that a similar combined action of the paraffins 
and the carcinogenic aromatic hydrocarbons’? in 
cigarette smoke may contribute to the carcinogenic 
activity towards mouse skm of the smoke, and may 
account, m some measure, for the fact that the smoke 
18 more potent than might be expected from its very 
small content of aromatic hydrocarbon carcmogens® 

In other experiments we have prepared the methyl 
esters of acids obtained from the flue-cured tobacco 
of a variety of British cigarettes, and a fraction of 
the esters bp 190-210°/0 5 mm has also been 
analysed by mass spectroscopy and gas-hquid 
chromatography at the Thornton Research Centre 
To obtam the esters the tobacco was extracted with 
chloroform, and the alkali-soluble fraction treated 
briefly with ethereal diazomethane The mass 
spectroscopic results (Table 4) show that methyl 
palmitate 1s the major component of the mixture, 
accompanied by some stearate and smaller amounts 
of a number of other higher and lower homologues 
A considerable amount of C,, unsaturated esters 1s 
also present, with methyl hnolenate predommating 
An essentially similar result was obtained m the 
gas-liquid chromatographic analysis Most of the 
acids corresponding to these esters have already been 
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Table 4 MASS SPECTROSCOPIC ANALYSIS OF TOBACCO METHYL ESTERS* 

















Acid Ester 
Ester carbon | motecular| Peak | Relative | Relative 
No weight | height | sensitivity | quantity 
Caprate 10 186 6 0 20 30 
11 200 4 
Laurate 12 214 3 0 42 7 
13 228 0 
Myristate 14 242 7 0 63 11 
15 256 6 
Palmitate 16 270 297 0 80 352 
Margarate 17 284 25 
18} 288 12 
Arachidonate 18t 290 81 
Linolenate 18t 292 115 
lanoleate 18t 294 73 
Oleate 18t 296 13 
Stearate 18 298 70 1 00 70 
Nonadecylate 19 312 
Arachidate 20 326 19 
21 340 4 
Behenate 22 354 1l , 
23 368 4 
24 382 4? 
26 410 3? 











* Because of lack of knowledge of the relative sensitivities of many 
of the compounds the results can only be reported incompletely 
+ Unsaturated 


found in cigarette smoke, m which palmitic acid 
and C,, unsaturated acids appear to be particularly 
abundant?  Palmutie acid was also found to be the 
principal fatty acid of an American bright green leaf 
by Heller!5i, and :t is of mtorest that the palmitate 
and linolenate were the main components of a mixture 
of solanesyl esters recently isolated from an American 
flue-cured leaf! A mixture said to contam methyl 
laurate, myristate and palmitate has also been 
obtained from a Japanese flue-cured tobacco! 

We are very greatly indebted to Dr Robert Graham 
and the mass-spectroscopic and gas-liquid chromato- 
graphic research groups of Thornton Research Centre, 
‘Shell’ Research, Ltd, for the mass spectroscopic 
and gas-liquid chromatographic analyses We thank, 
also, Mr Ivan Neas, director of the Tobacco Research 
Board of Rhodesia and Nyasaland, for supplymg the 
green tobacco leaf, Dr J R Plmmer for the crude 
wax fraction of the green leaf, and Dr J W Cook 
for his interest in the investigation 


*Chibnall, A C , Piper, 8. H, Pollard, A , Wilhams, E F, and 
Sahai, P N , Biochem J , 28, 2189 (1034) Kosak, A I, Swine- 
hart, J S,and Taber, D, J Nat Cancer Inst , 17, 375 (1956) 
Trillat, 7 J, Cuzin, J, Tertiou, L, and Mihama, K , Bull 
Microscop App, 8, 64 (1958) Dymicky, M. , and Stedman, 
R L , Tobacco Ser , 3, 60 (1959) Cuzin, J L , Thoi, Le Van, and 
Morel, S , Proc Second Int Sei Tob Congress, Brussels, p 507 

t Van Duuren, B L ,and Kosak, A I,J Org Chem , 28, 473 (1958) 

?Wwyndei, E L , and Wright, G , Cancer, 10, 255 (1957) 

*Hukushima, Y , and Ooike, K, J Chem Soc Japan, 61, 1297 
(1940), 62,413 (1041), Chem Abstr , 30, 7240 (1942) Gladding, 
R N ‚and Wright, H E, Tobacco Ser , 3, 81 (1959) For refer- 
ences to earlier claims, see Kosak, Swinehart and Taber (loc. et) 
and Chibnall et al (loc eit ) 
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H/EMOGLOBIN P IN A FAMILY IN THE BELGIAN CONGO 


By Dr PAULETTE DHERTE 


Laboratoire Médical, Stanleyville 


Dr. H. LEHMANN 


St Bartholomew’s Hospital, London 


AND 
Dr. J. VANDEPITTE 


Université Lovanium, Léopoldville 


A SURVEY of abnormal hemoglobms has been 
carried out on 1,000 African pregnant women 
visiting the Outpatients Department of the Govern- 
ment Hospital at Stanleyville The results will be 
published in detail elsewhere, but 15 18 of terest here 
that on two occasions hæmoglobin P was discovered. 
Haemoglobin P was first described by Schneider and 
Haggard! On paper and open boundary electro- 
phoresis at alkalme pH, hemoglobm P moves more 
slowly to the positive pole than hemoglobm A and 
separates from that pigment It moves faster than 
hemoglobin S but does not separate from a mixture 
of S and P Under these conditions 16 cannot be 
distinguished from hemoglobin L On electrophoresis 
in acid pH, either in citrate agar or by the open 
boundary technique, and ın resm chromatography, 
hemoglobm L separates widely from hemoglobin A, 
whereas hemoglobin P does not separate Thus 
hemoglobins L and P can be differentiated by these 
procedures 


In one of the findings of hamoglobin P an extensive 
family study was made (Fig 1) The propositus was a 
24-year old Bantu female of pure Lokele descent 
Origmally the Lokele hved on the River Congo, but 
the propositus and her family had settled ın Stanley- 
ville She was eight months pregnant when first seen 
and seemed perfectly well She had three children 
who were alive and healthy Laboratory examinations 
revealed the presence of Pl. falevparum m her blood 
and ankylostoma ova in her stools She suffered 
from a moderate hypochromic anemia, which was 
corrected by treatment with antimalarials and iron, 
and the mean corpuscular hæmoglobin concentration 
rose from 26 to 31 8 per cent, and the mean corpus- 
cular hemoglobin from 24 3yy to 3lyy Her serum 
iron-level at the end of the treatment was ll per 
100 ml 

On paper electrophoresis at alkalne pH her 
hemoglobm separated into two fractions, one 
hemoglobm A and another movmg more slowly m 


Table 1 FINDINGS IN A FAMILY IN WHIOH HÆMOGLOBINS A, S AND P ARE FOUND AS ADULT VARIANTS, AND IN WHICH A PROPORTION OF THE 
MEMBERS OF THE FAMILY SHOW SIGNIFIOANT TRACES OF HEMOGLOBIN F WITHOUT MICROOYTHEMIA 






























































Alkah | 
resist- 
ant 
Pedt- sem.o- Cell | Hemo- Reti- 
gree Sickle-| Adult | globin Red volume | globin eulo- 
desig- cell |hw»mo-| (per cells (per gm/ |MCHOC*|MOCV*IMOCH*| cytes Blood 
nation | Name /|Sex|Age| trait |globins| cent) |(pereu mm )| cent) |100 ml | (per cent) | (cu x)| (vy) | (percent) group 
I 1|KaxaNGA| M | 65 0 AP 18! 4,450,000 418 138 33 93 8 81 06 A, N DE 
a Z A F| + AS 16) 4,885,000 | 40 135 83 7 912 308 03 A, M COcDee 
Boniface | M | 31 t APS $9| 5,080,000 | 47 151 321 92 $ 29 7 1 A; MN CcDee 
II 2| FATUMA 
Justine F | 28 0 A <15] 3,780,000 | 38 1i 28 9 100 5 291 07 0 MN ceDee 
IL 3 |YAWENDA 
Haéronyme| F | 27 0 A «15]| 4,570,000 42 143 34 919 313 07 A, MN DE 
II 4| Sarit 3,880,000 36 2 94 26 93 4 24 
Yalufi F | 25 0 AP 6 | (8,660,000) | (11 4) | (11 4) (81 8) (97 5) | (31) 05 A, MN CDE 
II 5| Naura 
Bernard | M | 26 0 A <15] 4,480,000 | 43 181 30 5 95 20 3 09 0 MN ecDee 
II 6| Kutno 
m Alphonse M | 22 + AS <15] 5,600,000 46 14 30 4 821 26 7 02 A, MN ceDE 
ZIZA 
Mane. Fi19 0 A <15] 4,025,000 | 39 127 32 5 96 8 83 1 1 0 MN ccDee 
ouise 
II 1| SALUMU 
Albert M | 12 0 AP 31] 4,600,000 | 40 127 317 86 9 27 6 03 A; MN CeDee 
IM 2| SALUMU 
Mélame F!o9 0 AP 731 4,370,000 | 38 131 34 5 86 9 80 06 A, MN CeDee 
II 8| SALUMU 
Excell M| t + AS <15 | 4,390,000 | 37 13 1 355 84 2 29 9 07 A; MN CoDee 
YII 4| SALUMU 
Tabu Fj 6 + AS 16] 3,365,000 | 30 87 29 89 3 25 9 2 A, MN CoDee 
III 5| SALUMU 
Félienté Fj 5 0 AP 17| 4,085,000 37 113 30 5 90 5 27 6 2 A, MN coDee 
IIl 6| SALUMU 
Come M|2 T AS «15j| 3,600,000 32 5 107 32 9 90 2 29 7 07 A, MN ecDee 
III 7| NGULA M| 7 0 AP 52| 3,840,000 | 30 94 314 781 24 5 11 A, MN ecDE 
Boniface (3,500,000) | (32) (10 4) (32 4) (91 1) (29 6) 
II 8| NaunAnTp| F 5 0 AP 39) 4,500,000 37 115 11 82 2 55 03 A, MN ecDE 
Christine (4,520,000) | (39) (12 4) (81 8) (86 2) (27 4) 
IIl 9| NaunanTf 
Mane- F 2 0 A 19 8| 4,520,000 37 117 16 818 258 04 0 MN ceDE 
Colette (4,280,000) | (37 5) | (12 2) (82 5) (88) (28 6) 
II 10 | Krprzrio 
Marguerite) F 2 0 A 25) 4,225,000 | 89 5 12 80 4 98 4 28 4 03 0 MN ccDE 
IIl 11 | Krprrio 9 
Valenne | F |19| + AS 81] 4,400,000 | 36 111 30 8 818 25 9 02 0 N ccDE 
uM MCHC., mean corpuscular hæmoglobin concentration, M C V , mean corpuscular volume, M C H , mean corpuscular hemo- 
globin 


+ The figures in brackets show the results after the removal of hookworms and treatment with antimalarials and iron In all subjects nothing 
abnormal was seen in the white cell count, and the serum bilirubin-level was raised 
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[fjern P 
[+ oe very young 


Fig 1 


the positions of hemoglobms L or P On resin 
chromatography at pH 6 the hemoglobm mixture 
did not separate, although a tail appeared at the 
rear of the hemoglobm A band, which 1s the typical 
appearance of a hemoglobin A -+ P mixture We sent 
two samples of the patient's hemoglobm to Dr R 
Schneider, who confirmed by paper electrophoresis 
at pH 8 6 and by open boundary electrophoresis at 
pH 6 4, and by electrophoresis in citrate agar at 
pH. 60, that the abnormal hemoglobm had the 
properties of hemoglobm P 

When the family was examined 16 became apparent 
that a number of them showed traces of hemoglobin 
F, but the hemoglobm fraction A, was always below 
3 per cent (Table 1) This applied to the parents of 
the propositus, to all her children, to one of her 
siblmgs, and seven of eight nephews and nieces exam- 
med Two of her siblings showed no hemoglobin F, 
but two nieces with hemoglobin F were the daughters 
of one of these siblings The family tree did not show 
an association of hemoglobm F with erther hemo- 
globins A or P, or with a third hæmoglobin occurring 
in the family—hemoglobm S The only case where 
the amount of hemoglobin F was considerable was 
that of a niece (III 9)—a two-year old child with 
19 per cent foetal hemoglobm There was a slight 
hypochromia but no serious &nzmia, and there was 
no increase m hemoglobm A, as might be expected 
in typical thalassemia, 

In one of the propositus’ brothers (II 1) four 
hemoglobins were found Alkalne denaturation 
and res chromatography at pH 6 demonstrated 
4 per cent hemoglobin F On paper electrophoresis 
at pH 8 6 two fractions were seen 
hemoglobin A, and another larger, 
slow-moving component in the posi- 
tion of hemoglobm S On chrom- 
atography at pH. 6 three fractions 
were seen, one corresponding to 
hemoglobin F, and two others 
one in the position of hemoglobin. A 
with tailing resembling the appear- 
ance of an A + P mixture, and 
another m the position of hæmo- 
globm S Whereas the fraction m 
the position of hemoglobin S had 
been tho largest on paper electro- 
phoresis at alkalme pH, 1t was now 


Before 


with ‘light green’ 
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smalle than the component moving 
in the position of hemoglobin A 
These findings could be interpreted 
as indicating the presence of hæmo- 
globins A, P and S, the P moving 
with S on alkalme paper electro- 
phoresis, and with A on chromato- 
graphy pH 6 The family study 
supported this interpretation This 
man had manied a woman with 
normal hæmoglobin, and thee of 
his offsprmg showed hemoglobins 
A +P, and three others hemo- 
globms A +8 The genotype 
A S - OP was therefore borne 
out by the family study 
Hemoglobms S and C have been 
shown to be deteimmed by allelic 
genes? Ingram?, and Hunt and 
Ingram! have demonstiated that 
the difference between hemoglobins 
A, S and C consists m a substitution, 
of different amino-acids 1n. one posi- 
taon of the hemoglobin half-moleeule The possibility 
that there might be more than one locus determmmg 
specific features of adult hemoglobm was first 
suggested by Schwartz and his colleagues® to explain 
the mode of mheritance of hemoglobins A, S and 
what they considered to be hemoglobin G, m a family 
they had studied This interpretation has also been 
proposed by Smith and Torbert* to explam their 


rilane of 
co origin 
S 
A 
T Line of 
+ origin 
P 
A 





Fig 2 Paper electrophoresis at pH 8 9 (tris buffer) showing 

above IL 1 (4 + P 4- $)1n comparison with his son ITI 4 (show- 

ing A + S) and below with his daughter III 5 showing 4 + P 
The bands are unstamed 





Tig 3 Hemoglobin from the propositus (4 + P + P) before and after dissoctation 
and re-combination Paper electrophoresis at pH 8 9 (tres buffer) The bands are stained 


In the re-combined specimen a small component 1s seen moving 
towards the anode 
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A + S control 


Propositus 


Fig 4 Paper electrophoresis at pH 8 6 (barbiturate buffer) 

showing a comparison between the hemoglobin of the propositus 

(4+P + F)and a hemoglobin A + S mixture after dissocia- 

tion and re-combination The bands have been stained with 

‘hght green’ Note that in the specimen from the propositus a 

fraction is present which moves towards the anode This fraction 
18 not present in the A -- S mixture 


findings m a family with hemoglobms 4, S and a 
‘fast? moving hemoglobm Lastly, Cabannes and 
Portier? have described a family where the mother 
possessed hemoglobins 4, D and K One of her 
children was a hemoglobin D trait carrier, and the 
other two were hæmoglobin K trait carriers It seems 
that hemoglobm P joms the group of adult variants 
whose inheritance could be interpreted as bemg 
under different control from that responsible for 
hemoglobms S and C — Ebunesmuth, Schroeder and 
Paulmg? demonstrated that the hæmoglobin A mole- 
cule contains only two types of polypeptide chains, 
and Schroeder and Matsuda? have shown that 
hemoglobin F also consists of an equal number of 
two polypeptide chams, one of which has been 
found by Hunt!? to be identical with that common 
to hemoglobins A, S and C Ingram" bas pointed 
oub how two non-allehe genes could find expression 
by one affecting the first, and the other the second, 
cham Smger and Itano!? were able to show that 
exchange of chains between hemoglobins A, S and 
C did not result m any ‘hybrid’ hemoglobin This 
one would expect if m all three hamoglobms one of 
the two chams was identical On the other hand, 
1f m hemoglobin P the alteration was not m the same 
cham which 1s different in hemoglobins S, C and F, 
then a dissociation and re-combmation of a hemo- 
globm mixture contaming hemoglobms A, P and F 
should result ın at least one ‘hybrid’ hemoglobin 
Followmg Singer and Itano!? a purified solution of 
hemoglobm from the propositus-(A + P -+ F) was 
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incubated with acetate buffer pH 46 It was then 
dialysed agamst barbiturate buffer pH 8 6, and a 
small amount of precipitate formed durmg dialysis 
was removed by centrifugation On paper electro- 
phoresis of the supernatant at pH 8 6 a new hemo- 
globm fraction was seen moving towards the cathode 
(Fig 3) Thuis fraction could be eluted and was shown 
spectroscopically to be a hemoglobin No such 
fraction was found when specimens of hemoglobins 
A+8,A +0, and S + C were similarly examined 
However, when untreated specimens of hemoglobin 
from the proposrtus were submitted to starch electro- 
phoresis where a larger amount of pigment could be 
mvestigated, a minute fraction corresponding to the 
‘hybrid’ hemoglobm was detected (Fig 3) It is not 
possible to state with assurance that this fraction 
was not formed on storage of the hæmoglobin solution. 
However, if the ‘hybrid’ hemoglobin was an n vwo 
phenomenon, the situation would resemble that 
known to occur 1n plants where anthocyanm formation 
1s determined by mdependent genes, and ‘hybrid’ pig- 
ments can be formed In II 1 (44+84+P4+F) 
only the ‘hybiid’ seen m the propositus was found on 
dissociation and re-combmation of the hemoglobin 
mixture Sunilarly, mixtures of hemoglobins A+ S, 
or S + C with that of the propositus did not result 
in additional ‘hybrids’ However, here a large 
amount of precipitate was formed durmg dialysis 
and the soluble fraction had lost most of the non-A 
hemoglobins 

From the position of these hemoglobins on electro- 
phoresis at alkalme pH, and from the work of 
Hunt and Ingram*+‘, it 1s clear that the substi- 
tuted chains of S and C carry a much stronger 
positive charge than the characteristic cham of 
hemoglobin F, and one might expect ther com- 
bmation with the characteristic P cham to be unstable 

We wish to thank Dr A E Mourant and Dr 
V M Ingram for helpful discussion 
Schneider, R G , and Haggard, M B , Nature, 180, 1486 (1957) 
2 Ranney, H M, Larson, D L, and MeCormack, G H,J Clin 

Invest , 32, 1277 (1958) 

3 Ingram, V M , Sev Amer , 68, 198 (1958) 
Qi Hunt, J A ,and Ingram, V M , Nature, 181, 1062 (1958) 


2 Schwartz, H C ,Spaet,T H ,Zuelzer, W W , Neel, J B , Ro 
A R,and Kaufman, S F , Blood, 12, 238 (1957) pinson; 
$ ered W ,and Torbert, J V , Bull Johns Hopk Hosp , 102, 38 
7 Cabannes, R , and Portier, A, "Abnormal Haemoglobins" 
(Blackwell Sc: Pub , Oxford, 1959) peed es 
? Rhinesmith, H 8, Schroeder, W A, and Pauling, L, J Amer 
Chem Soc , 78, 4682 (1957) 
? Schroeder; W A,and Matsuda, G, J Ame Chem Soc, 80, 1521 
to Hunt, J A, Nature, 183, 1373 (1959) 
M Ingram, V M , Bru Med Bull , 15, 27 (1959) 
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8-~GLOBULIN ALLELES IN SOME ZEBU CATTLE 
By G C ASHTON 


National Cattle Breeding Station, Commonwealth Scientific and Industrial Research Organization 
Laboratory, Rockhampton, Queensland 


d bsp: 8-globuhn alleles (84, BP and QE) have 
been described so far m British breeds of cattle! 
Two further alleles have now been recognized m 
zebu (Bos «ndius) breeds It 18 proposed to call 
these alleles 87 and BF 

In most mammals the B-globulmn alleles give rise 
to more than one zone by starch-gel electrophoresis? 


Each of the cattle B-globuhn alleles 84, BD and pE 
gives four detectable zones, the most rapidly migrating 
zone staming faintly with nigrosme, the next stammg 
moderately and the slowest two zones stammg 
intensely The two further alleles which have been 
detected also give mse to four similarly stainutg 
zones The relative mobilities of the groups of four 


1136 





pa gh BD pE pF 


Fig 1 Relative mobility in starch-gel of the four zones produced 
by each £-globulin allele in cattle The anodic side of the gel is at 
the top of the diagram, only the f-globulin zones being shown 


zones controlled by the five alleles are shown in Fig 1 
It will be seen that the zones controlled by B? are 
intermediate m mobility to those produced by 4 
and 82, while BF gives rise to zones intermediate m 
mobility between those produced by BP and BE 
Previous experience has shown. that each B-globulm 
genotype formed from the alleles B4, BP and BF 
gives only one phenotype! Fifteen phenotypes 
would therefore be expected from five alleles, fourteen 
have been found so far The homozygote of the 
mfrequent allele BB has not yet been seen The 
appearance of the phenotypes (Fig 2) was anticipated 


AD -— AF 


[BE |BF 


mE FF 


Tig 2 The fourteen cattle 8-globuhn phenotypes 
side of the gel 18 at the top of each portion of the diagram, only 





The anodic 


the 8-globulin zones being shown The fast-moving faint band 

produced by each allele (cf Fig 1)13 not shown For AA AB, 

*tc ,read B44, B48, atc The dotted zones for £24 (bottom right) 

show the expected appearance of this phenotype, which hag not 
yet been found 
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m the mam from the knowledge that the pattern 
given by a heterozygote 1s mdistinguishable from 
that given by a sunple mixture of the correspondmg 
homozygous serat? 

Data from matmgs between Sindhi x Sindhi, 
Sahiwal x Sahiwal, Smdhi x Jersey and Sahiwal x 
Jersey cattle confirm that the previously unrecog- 
nized phenotypes represent individual genotypes 
formed from five alleles (Table 1) 


Table 1 


VoL 184 


DISTRIBUTION OF PHENOTYPES FROM MATINGS INVOLVING 
THE CATTLE f-GLOBULIN ALLELES 9B AND BF 











Parents Offspring 
Dam Sire Like dam Inke sure Recombinants 
AA* AF 3 3 — 
AA BR — — 1AB 
AD AP 1 9 844,5 DF 
AD BP — — 14B,1BF 
AD FF bud — 1DF 
AE AF 5 0 0 
BF AP 1 0 0 
DD AP — — | 14D,4DF 
DD DF ~~ — 1DF 
EF AF 0 1 1FF 
EP DF 1 1 0 














* For AA, AF, eto , read £44, RAF, ete 


The frequency of each allele for several breeds and 
erossbreeds of cattle from two herds is shown in 
Table 2. 


Table 2 SHOWING f-GLOBULIN GENE FREQUENOIES FOR SOME 
BREEDS AND CROSS-BREEDS OF CATTLE AT F D MOMASTER FIBLD 


STATION (TOP) AND NATIONAL CATTLE BREEDING STATION (BOTTOM) 



































Gene frequency 
Breed No of 
&mmals| p4 gh po BE 

Sindhi 14 057 {004 | Nil | 0 28 
Sindhi x Jersey 29 0 52 Nil | 6 24 | 0 12 
Sahiwal 10 0101020 | Ni | 015 
Sahrwal x Jersey 21 033 | 0 05 | 0 28 | 0 03 
Jersey 51 051 MI {049 | Nil 
Hereford 27 039 | Nu | 052 | 0 09 
Shorthorn 18 056 | Nil | 0 89 | 0 05 
Hereford x Short- 

horn 10 045 | Nu | 055 | Nu 
Brahman x 

Shorthorn 14 028 | Nu | 048 1018 
Brahman x 

Hereford 15 0 40 Nil | 0 24 | 0 20 
Africander x 

Shorthorn 18 019 | Nil | 060 | 0 31 
Africander x 

Hereford 15 028 | Nil | 0 47 | 0 30 
Brahman* — 03 Niu | O11 03 
Africander* — Nil | MU 104 |06 




















* Approximate frequencies computed from remainder of data 


It has been suggested previously!’ that the 
frequency of BE withm a breed may reflect the 
climatic or ecological stress to which the breed ıs 
subjected Thus, the frequency of BE mereases m a 
northerly direction m the British Isles, both within 
and between breeds The high frequency of BE in all 
the zebu breeds examined 18 particularly mteresting 
therefore m view of the well-known climatic and 
ecological tolerance of these cattle 

I thank the Officer-m-Charge of the F D McMaster 
Field Station of the Commonwealth Scientific and 
Industrial Research Organization, Badgery’s Creek, 
New South Wales, and of the National Cattle Breeding 
Station of the Commonwealth Scientific and Industrial 
Research Organization, ‘Belmont’, Rockhampton, 
Queensland, for supplymg blood samples, and C. 
Bloomfield for technical assistance 
1 Ashton, G C , Nature, 182, 370 (1958) 


* Ashton, G C , and McDougall, E Y , Nature, 182, 945 (1958) 
* Ashton, G C , Nature, 188, 404 (1959) 
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FORTHCOMING EVENTS 


(Meeting mai Led. with an asterisk * ^s open to the public) 


Monday, November 23 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
SW7), at 5 pm-—-Mr Barne E Juniper “Oxford University 
Tanganyika Expedition” 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION GROUP 
(at 1 Birdcage Walk, Westminster, London, S W 1), at 6 pm— 
Discussion on “Vibration Theory, Linear Systems and the subject 
‘Theory of Machines’ " 


Tuesday, November 24 


SOCIETY FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROUP 
(at the Chemical Society, Burlington House, Piccadilly, London, 
W1), at 630 pm ——Mr R A © Isbell ‘The Demgn of Optical 
Instruments for Chemical Analysis" 


ROYAL AERONAUTICAL Sooty (at 4 Hamilton Place, London, 
Wi), at 7 pm-—-Prof D B Spalding “Heat and Mass Transfer 
in Aeronautical Engineering’ 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port” 
land Place, London, W i),at 7 p m -—Mr N I Walker ‘Application 
of Instrumentation to Glass Melting Furnaces” 


RADAR AND HLECTRONICS ASSOCIATION (at the Royal Society of 
Arts, John Adam Street, Adelphi, London, WC 2), at 730 pm — 
Prof H E M Barlow “Waveguides for Long Distance Communiea- 
1008” 


Wednesday, November 25 


ROYAL SOCIETY or ARTS (at St John Adam Street, Adelphi, London, 
W C2), at 230 pm —Sir Christopher Hinton, KBE, F R$ , and 
Sir Wiliam Holford “Power Production and Transmission m the 
Countryside—Preserving Amenities” 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1), at 5 p m —Mr Raymond ‘The Pre-Permian 
Floor beneath Billingham, Co Durham", Dr J M Hancock ‘The 
Cretaceous System in Northern Ireland" 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNICATION SECTION (at Savoy Place, London, W € 2), at 5 30 pm 
—Dr X L Smuith-Rose "Radio Aspects of the International Geo- 
physical Year” 


INSTITUTE OF Puysics (at 47 Belgrave Square, London, S W 1), 
1t 6 p m —Mr J F Coales ‘Education for Automation" 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S W 1), at 6 p m.—Prof A H Cottrell, F R 8 
‘The Effect of Nuclear Radiation on Engineering Materials” (Thomas 
Hawksley Lecture) 


SOCIETY or CHEMICAL INDUSTRY, FOOD GROUP (af 14 Belgrave 
Square, London, S W 1), at 615 p m —Mr G E Moss "Fortuitous 
Jorrosion Inhibitor in Bisemt Mixes", Mr G P Seary 
Jevelopments in Produce Pre-packaging" 


SOCIETY FOR ANALYTICAL CHEMISTRY (joint meeting with the 
PHARMAOEUTIOAL SOCIETY OF GREAT BRITAIN, at 17 Bloomsbury 
iquare, London, W C1), at 730 pm —Meetng on “Methods of 
Assays of Capsicum, Lonchocarpus and Rauwolfia” 


“Recent 


Thursday, November 26 


INSTITUTE OF MARINE ENGINEERS (Joint meeting with the Socrgty 
W NAVAL ARCHITECTS AND MARINE ENGINEERS, at the Memorial 
bulding? 76 Mark Lane, London, E © 8),at3 p m —Mr C C Pounder 
Human Problems in Marine Engineering", at 580 pm —Mr 
‘J Zrodowskiand Mr H C Andersen “Co-ordinated Alignment of 
ane Shaft, Propulsion Gear and Turbines” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
VO2),35630p m —Mr T R Manley, Mr K Rothwelland Mr W 
ray “The Application of Low-Pressure Resins to some High- 
‘oltage Switchgear Designs” 


INSTITUTION OF MECHANICAL ENGINERRS, APPLIED MEOHANICS 
ROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m 
-Discussion on “The Application of Creep Results to Engineering 
'egign" 


ROYAL AERONAUTICAL SoorkTY (at Church House, Westminster, 
ondon, S W 1), at 6 pm —Prof H Schlichting ‘“‘Some Develop- 
ents ın Boundary Layer Research in the Last Thirty Years" (Third 
anchester Memorial Lecture) 


Thursday, November 26—Friday, November 27 


INSTITUTE OF PETROLEUM (joint meeting with the CORROSION 
ROUP and ihe CHEMICAL ENGINEERING GROUP of the SOCIETY OF 
HEMIOAL INDUSTRY, 1n the Grand Council Chamber, The Federation 
` British Industries, 21 Tothill Street, London, S W 1), at 9 30 am 
uly Toat Symposium on “Corrosion Problems of the Petroleum 
dustry” 


Friday, November 27 


ROYAL AERONAUTICAL SOOTY (at 4 Hamilton Place, London, 
"1),at7 pm—Dr D R Walkie “Man and an Aero Engine” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
pm-—Dr P T Haskell “Research m the War against Locusts” 
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Friday, November 27—Saturday, November 28 


BOTANICAL SOCIETY OF THE BRITISK ISLES (at the Lecture Hall, 
The British Academy, Burlington House, Piccadilly, London, W 1).— 
Darwinian Centenary Conference 


BRITISH SOCIETY FOR IMMUNOLOGY (at the Wellcome Foundation, 
183 Huston Road, London, N W 1)--Symposium on “Persistence of 
Immunity” Chairman Dr © H Andrewes 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT EXPERIMENTAL OFFICERS (2) (with a degree in agriculture 
or pure science with main subject zoology, or the Scottish Leaving 
Certificate (or equivalent) with passes in five subjects which must 
include English, Higher Mathematics and Science, and the ability 
to drive a car) in the Rodent Control Service, Department of Agri- 
culture for Scotland—The Ministry of Labour and National Service, 
Technical and Screntific Register (K), 26 King Street, London, S W 1, 
quoting Ref G388/9A (November 23) 

GRADUATE ASSISTANT (with appropriate professional qualifications 
and/or experience) IN THE COLLEGE LIBRARY—The Principal, Royal 
Holloway College, Englefleld Green, Surrey (November 27) 

ASSISTANT LECTURER or DEMONSTRATOR (with medical qualifications 
registrable in this country) IN PATHOLOGY-—The Registrar, The Univer- 
sity, Manchester 18 (November 28) 

READER (with a degree in chemistry and a qualification in either 
pharmacy or a biological subject, a research degree and experience of 
direchon of research 1n medicinal chemistry) IN MEDICINAL CHEMISTRY 
~The Clerk to the Governors, Chelsea College of Science and Tech- 
nology, Manresa Road, London, S W 8 (November 28) 

SENIOR LECTURER and a LEOTURER (preferably with a major 
interest in applied thermodynamics or applied mechanics, especially 
the theory of machines) IN ÉENGINEERING— Ihe Registrar, The Univer- 
sity, Manchester 18 (November 28) 

ASSISTANT LECTURER (with special qualifications or interests in 
radio astronomy) IN Puysics—The Registrar, The University, Man- 
chester 13 (November 30) 

LECTURER IN ORGANIC CHEMISTRY at the University of Melbourne, 
Australa—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (November 30) 

LECTURER IN PATHOLOGY in the School of Veterinary Medicine— 
The Registrar, Trinity College, Dublin (November 30) 

LECTURER or SENIOR LECTURER IN PREVENTIVE MEDICINE at the 
University of New England, Australia—The Seeretary, Association 
of Universities of the British Commonwealth, 86 Gordon Square, 
London, W C1 (November 30) 

LECTURER (preferably with teacher-traming experience in West 
Africa or other tropical areas) IN EDUCATIONAL PSYCHOLOGY, Nigerian 
College of Arts, Science and Technology--The Council for Overseas 
Colleges, 12 Lincoln's Inn Fields, London, W C 2 (November 30) 

LECTURER (with a recognized degree in agriculture) IN AGRICULTURE 
-The Clerk to the Governors, Essex Institute of Agriculture, Writtle, 
near Chelmsford, Essex (November 30) 

RESEAROH ASSISTANT IN THE DEPARTMENT OF PHYSICS for work con- 
cerned with the fundamental study of electrolumimescence and related 
processes 1n single crystal phosphors—The Registrar, The University, 
Hull (November 30) 

SENIOR LECTURER (of good academic standing and with industrial 
and laboratory experience in electrical machinery and automatic 
control) IN ELECTRICAL ENGINEERING at the University of Adelaide, 
Austraha—The Registrar, The University of Adelaide, Adelaide, 
South Austraha (November 30) 

TECHNICAL OFFICER (with a university degree or comparable 
qualification in physics or electrical engineering or other aprpoved 
subjects) IN THE DEPARTMENT OF Puysics—Dr F B Kipping, 
ow Chemical Laboratory, Lensfield Road, Cambridge (Decem- 
ber 

LECTURER (preferably with research interests in autocology and 
whole-plant physiology) IN BoTANY at the University of Sydney, 
Austraha—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W © 1 (December 5) 

LECTURER IN SOCIAL ANTHROPOLOGY and a LECTURER IN RURAL 
SOCIOLOGY IN THE FAOULTY OF ECONOMIC AND SOCIAL STUDIES-—— 
The Registrar, The University, Manchester (December 12) 

SENIOR LECTURER or LECTURER IN PHYSIOS, and a SENIOR LECTURER 
or LECTURER IN INORGANIC OREMISTRY at the University of Khartoum 
—The Registrar, University of Khartoum, c/o Inter-University 
Counet for En) eon Overseas, 29 Woburn Square, London, 

(December 

LECTURER (with an honours degree in psychology, a higher degree 
in psychology or equivalent qualifications) IN PSYCHOLOGY at Canberra 
University College, Austraha— The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, 
W C1 (Australia, January 11) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH TELLOWS IN BAC- 
TERIOLOGY, BIOCHEMISTRY, BIOMOLECULAR STRUCTURE, BOTANY 
(Plant Biochemistry and Biophysics), CHEMICAL ENGINEERING, 
CHEMISTRY, CHEMISTRY OF LEATHER MANUFACTURE, CHEMOTHERAPY, 
COLOUR CHEMISTRY AND DYEING, ENGINEERING (Civil, Electrical or 
Mechanical), FUEL AND REFRACTORIES, GEOLOGY (including Geo- 
chemistry), METALLURGY, MINING (Selective Flotation and Geophysical 
Surveying), PHARMACOLOGY, PHYSICS, PHYSIOLOGY, OR 'TEXTILE 
INDUSTRIES (Chemistry of High Polymers (Keratin and Man-made 
fibres), Textile Technology and Textile Engineermg)—The Registrar, 
The University, Leeds 2 (February 15) 

OCnuxMIST, Scientific Officer (with an interest in animal nutrition), 
and AGRONOMISTS, one Senior Scientific Officer and one Scientific 
Officer (with an interest ın pasture plant physiology, sociology and 
assessment 1n relation to the breeding of new varieties for lowland and * 
upland conditions)--The Registrar, University College of Wales, 
Aberystwyth 


H 
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LECTURER IN MATHEMATICS, and a LECTURER IN STATISTIOS AND 
MarBEMATIOS— Phe Registrar, Bradford Institute of Technology, 
Bradford 7 

Puysicrsr (with several years experience with radioactive isotopes), 
for work upon isotopically labelled steroidg—The Director, Endocrine 
Unit, Institute of Obstetrics and Gynecology, Chelsea Hospital for 
Women, Dovehouse Street, London, S W 3 

PLANT PuHYSIOLOGIST (honours graduate with research experience) 
IN THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
Palmerston North, New Zealand, to undertake research into the 
biochemical aspects of the physiology of plant growth and develop- 
ment under controlled elumate conditions—The High Commissioner 
for New Zealand, 415 Strand, London, WC 2, quoting Ref No 
B 11/21/18, and mentioning Nature 

RESEARCH ASSISTANTS (honours graduates in chemistry), to carry 
out research work fo: higher degrees m one of the following — (1) the 
relationship between sorption affinity of alumina for a series of organic 
solutes ın non-polar solvents and certain physical properties of the 
sorptives or (2) a problem in nitrogen heterocyche chemstry—The 
Prmoipal; Derby and District College of Technology, Kedleston Road, 

er 

RESEARCH DEMONSTRATORS and RESEARCH STUDENTS IN THE 
DEPARTMENTS OF BUILDING AND CIVIL ENGINEERING, CHEMISTRY 
AND APPLIED CHEMISTRY, ELECTRICAL ENGINEERING, LIBERAL 
STUDIES, MATHEMATIOS, MECHANICAL ENGINEERING, and PURE AND 
APPLIED PHYSIOS—The Registrar, Royal Technical College, Salford 5, 
Lanes 

SENIOR TECHNICIAN IN THE MICROBIOLOGICAL LABORATORIES— 
The Secretary, The Royal College of Science and Technology, George 
Street, Glasgow, C1 

TECHNICIAN IN THE DEPARTMENT OF BOTANY--The Registrar, 
University College of Wales, Aberystwyth 


REPORTS and other PUBLICATIONS 


(not eneluded in the monthly Books Supplement) 


Great Britain and Ireland 


The Bedfordshire Naturahst, No 13 (Being the journal of the 
Bedfordshire Natural History and Field Club, for the year 1958 ) 
Pp, 48--1 plate (Bedford Bedfordshire Natural History Society 
and Field Club, 1959) 5s [249 

British Broadcasting Corporation Engineering Division Monograph 
No 26 (August 1959) "Transistor Amplifiers for Sound Broadeasting 
By d perry Pp 19 (London Buitish Broadcasting Corporatton 
1959 8 

Philosophical Transactions of the Royal Society of London Series 
A Mathematicaland Physical Saences No 999, Vol 251 (15 Septem- 
ber 1959) Coulomb Gauge in Non-Relativistic Quantum Electro- 
dynamies and the Shape of Spectral Lines By E A Power and S 
Zienau Pp 427-454 9s No 1000, Vol 251 (15 September 1959) 
Propagation of Elastic Wave Motion from an Impulsive Source Along 
a Fhud/Sohd Interface 1 — Experimental Pressure Response By 
W L Roeverand T F Vining 2 Theoretical Pressure Response 
By E Strick 3 The Pseudo-Rayleigh Wave By E Strick Pp 
455-523 288 6d No 1001, Vol 251 (15 September 1959) On the 
Annual Variation of Magnetic Disturbance’ By D H McIntosh 
Pp 525-552 10s (London Royal Society, 1959 ) [249 

Ministry of Agriculture, Fisheries and Food Fishery Investigations, 
Series IV An Introductory Account of the Smaller Algae of British 


Coastal Waters Part I Introduction ard Chlorophyseae By Dr 
R W Butcher Pp 1+74+14 plates (London HM Stationery 
Office, 1959 ) 25s net 249 


[ 
Oundle School Natural History Society Report, 1058 Pp nu4-55 
(Qundle, Peterborough Oundle School Natural History Sonety; 
9 


1959 ) 

Ciba (ARL), Limited Technical Notes, No 201 (September 
1959) "Aeroweb' Honeycomb Structures Pp 10 (Duxford Ciba 
(A RL), Ltd , 1959 ) [249 

The Leverhulme Trust Analysis of Grants 1932-1955 Second 
Report Pp 18 (London  Leverhulme Trust, 1959 ) [249 

British Museum (Natural History) The Cuherne Mosquitoes of 
the Ondomalayan Area Part 4 Genus Aedes Meigen, subgenera 
Skusea Theobald, Diceromyia Theobald, Geoskusea Edwards and 
Ohristophersiomyya Barrad By P F Mattingly Pp 61 (London 
British Museum (Natural History), 1959 ) 125 09 

Planning, Vol 25 (28 September 1959) European Unity—a 
Review Pp 161-188 (London Political and Economic Planning, 
1959) 33 6d 1309 

British Medial Bullehn Vol 15, No 3 (September 1959) Sym- 
posium on “Current Virus Research" Pp 175-250--8 plates 
(London British Council, 1959 ) 20s 309 

The Universities a Royal Commission ? By Graeme © Moodie 
(Fabian Research Series, No 209) Pp 52 (London ‘The Fabian 
Society, 1959 ) 5s [309 

Proceedings of the Royal Irish Academy Vol 60, Section A, 
No 2 A Property of Bounded Regular Functions By P B Kennedy 
Pp 7-14 1s 0d Vol 60, Section A, No 3 On the Structure of 
Multiplet E Statesin Diatomie Molecules By I Kováca Pp 15-26 
2s Vol 60, Section B, No 4 ‘The Phytoplankton of some Irish 
Loughs and an Assessment of Their Trophic Status By F E Round 
and A J Brook Pp 167-101 3s 6d Vol 60, Section B, No 5 
A Comparative Survey of the Epipehe Diatom Flora of some Irish 
Loughs By F E Round Pp 193-215 3s Vol 60, Section B, No 6 
The Silurian Rocks of the Devilsbit Mountain District, County 
Tipperary By R N Cope Pp 217-242+plates 18-21 4s 6d 
(Dublin Hodges, Figgis and Co , Ltd , 1959) 309 


Other Countries 


Cancer Current Literature Indev Vol 1, No 1 Pp u+34 Pub- 
lished every 2 to 3 weeks Subseription price 7 50 dollars (Amsterdam 
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and New York  Xixcerpta Medica Foundation, 1959 Published for 
the American Cancer Society, Inc , New York 309 
Annals of the New York Academy of Sciences Vol 79, Article 3 
Psychophysiological Reactions to Novel Stimuli—Measurement, 
Adaptation, and Relationship of Psycholog cal and Physiological? 
Variables in the Normal Human By Roscoe A Dykman, William G 
Reese, Charles R Galbrecht and Peggy J Thomasson Pp 43-107 
250 dollars Vol 80, Aiticle 2 Hypothermia By A Cecil Taylor 
and 30 other authors Pp 285-550 350 dollars Vol 81, Article 3 
Enzymes of Polynucleotide Metabolism By J S Roth and 51 other 
authors Pp 511-804 5 dollars Vol 82, Article 1 Recent Contr 
butions to Antibacterial Therapy By Paul S Rhoads and 54 other 
authors Pp 1-190 250 dollars (New York New York Academy 
oF Sciences, 1959 ) 09 
Publications de l'Institut National pour l'Étude Agronomique du 
Congo Belge Sérre Technique, No 55 Comportement Physiologique 
du Bétail Laitier Friesland du Haut-Katanga Par M Jottrand, 
A ILahousse et M  Vandenbranden 61--4 photographies 
Bruxelles Institut National pour l'Étude Agronomique du onge 


elge, 1959 ) 50 francs 
Population Reference Bureau, Ine — Populaton Bullen, Vol 15 
No 6 (September 1959) — Fertility of College Graduates—a College 
Study Postscript Pp 101-116 (Washington, DC Populatior 
Reference Bureau, Inc , 1059 ) 50 cents Oe 
Heritage of Hawaun Bernice P Bishop Museum Annual Report fo 
1958 Pp 34 (Honolulu Bernice P Bishop Museum, 1959 ) (30° 
United States Department of the Interior Geological Survey 
Bulletin 1046-R Uranium in Sharon Springs Member of Perr 
Shale, South Dakota and Northeastern Nebraska By Roy C Kepferle 
Pp iv-577-004--plates 50-53 Bulletin 1068 Geology of Wabaun 
see County, Kansas By Melville R Mudge and Robert H Burton 
Pp vi4-210--19 plates Bulletin 1072-C Coal Resources of Colorada 
By E R Landis Pp v--131-232--plates 2 and 8 Bulletin 1074-D 
Geology of Uranium Deposits in Triassic Rocks of the Colorado Platea: 
Region By W I Finch Pp iv+125-164+plates 6-10 — Bulleài 
1075 . Bibliography of North American Geology, 1956 By Rut) 
Reece King Pp 11+554 175 dollars (Washington,DC — Govein 
ment Pimting Office, 1959 ) 30 
United States Department of the Interior Geological Survex 
Water-Supply Paper 1400 Quality of Surface Waters of the Unite: 
States, 1955 Parts1—4 North Atlantie Slope Basins to St Lawrence 
River Basin Prepared under the direction of S K Love Pp xm4 
530 175 dollars Water-Supply Paper 1401 — Quality of Surfac 
Waters of the United States, 1955 Parts 5and6 Hudson Bay am 
Upper Mississippi River Basins, and Missouzi River Basın Prepare 
under the direction of S K Love Pp 11+305 1dollar Water-Suppl 
Paper 1469  Ground-Water Conditions and Storage Capacity in th 
San Joaquin Valley, Califorma By G H David, J H Green, F B 
Olmsted, and D W Brown Pp viu4-287--29 plates Water-Suppl 
Paperi471 Hydrology of the Long Beach—Santa Ana Area, Californi 
with special reference to the Watertightness of the Newport—Inglewoo 
Structural Zone By J F Poland With a section on Withdrawal c 
Ground Water, 1932-41 By Allen Sinnott and J F Poland Pn 
wii+257+11 plates Water-Supply Paper 1478 Ground-Wate 
Resources of the Middle Big Wood River-Silver Creek Area, Blair 
County, Idaho By RexO Smith Pp iv--64--5 plates (Washing 
ton, DC Government Printing Office, 1959 ) [30 
United States Department of the Interior Geological Surve* 
Water-Supply Paper 1501 Surface Water Supply of the Unite 
States, 1957 Part L-A North Atlantic Slope Basins, Maine t 
Connecticut Prepared under the direction of J V B Wells Pp vm- 
264 1 dollar  Water-Supply Paper 1504 Surface Water Supply c 
the United States, 1057 Part2-B South Atlantic Slope and Easter 
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GENERAL EDUCATION IN 


N his presidential address to the British Association 
at York on September 2, Sir James Gray pleaded 
strongly for a wider outlook m the teachmg of science 
and stressed the need for a considered judgment as 
to the proportion of our total educational effort which 
should be devoted to the traming of scientists and 
technicians—upon whom we depend for mamtammg 
or extendmg our standard of hving—and the pro- 
portion which should be expended on raising the 
intellectual standards whereby the bulk of the 
population forms 1ts judgments on matters which are 
susceptible to personal prejudice or political propa- 
ganda Sim James iecognized the implications of Dr 
Trenaman’s mquiry into the impact of the mass 
media and maintained that the key to the problem 
hes ın the schools The responsibility resting on 
secondary school teachers is not easily exaggerated, 
and Sm James pomted out that really inspired 
teachers, workmg with adequate but simple equip- 
ment, would achieve far more for general education 
than specialists in highly equipped laboratories 

In the concludmg part of his address, Sir James 
Gray referred to the possible contribution which the 
British Association might make to the problem of 
general education so far as science 18 concerned, and 
the attention grven to this question was a feature of 
the York meeting Apart from this, no fewer than 
three of the presidential addresses to Sections of 
the Association discussed general or particular aspects 
of the main problem raised by Sir James A provo- 
cative address by Prof J Jewkes to Section F 
(Economies), for example, examined the question of 
balance between general education of the population 
1n science and that devoted to the traning of scientists 
and technologists In Section L (Education), Sr 
James Robertson raised much the same issue m 
frankly discussing the purpose of our educational 
effort, while, addressing the Assembly of Correspond- 
ing Societies, the Countess of Albemarle discussed 
the question how the ordinary citizen could prepare 
himself or herself to live intelligently ın a scientific 
age, and the sources of information and mstruction 
available for that purpose. 

The Countess of Albemarle suggested that there 
are three essential needs for the ordinary crtizen 
awareness of the character of the times m which he 
lives, some understanding of the methods of scientific 
research, and some readiness or determination to 
keep abreast of scientific development and mvention 
As Sir James Gray had already pomted out—and as 
Dr Trenaman’s mquiry shows—the attempt to meet 
these needs must begin in the schools, and there were 
other papers read at York which were equally con- 
cerned with the way m which this should be done 
Mr J Maitland, m Section J (Psychology), considered 
specifically the communication of science to the 
layman, Mr N F Newbury dealt with the place of 
science in the primary school before Section L and, 
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A MODERN DEMOCRACY 


before the same Section, Dr K Laybourn, in dis- 
cussing the trammg of teachers of science and 
mathematics and what the schools require, laid his 
own emphasis on the importance of quahty and 
the decisive contribution which an outstanding or 
inspired teacher in love with his subject and his job 
could make 

It is, however, imstructive to examme some of 
these fundamental issues debated at York in the 
light of the Clayton Memorial Lecture which Sir John 
Wolfenden delivered to the Manchester Literary and 
Philosophical Society m 1958 He did not attempt 
a definition of education, but pomted out that rb 1s 
an essential part of a teacher’s duty to mstruct his 
pupils im certain areas of human knowledge and skill 
This responsibility for mstruction 1s mescapable, and 
ib 1s obvious that such instruction is what is in the 
minds of those who raised these issues at York Sir 
John, however, emphasized that education is, among 
other things, the mfluence of one personality on 
another That has been clearly recognized in the 
great schools and universities of Biitam It 1s 
mopheit in the comments made at York as to the 
mmportance and influence of the great and mspmmg 
teacher 

Sr John Wolfenden im this lecture proceeded to 
discuss some of the mplications arismg from this 
influence of the teacher upon immature minds, and 
much of what he said is important not only in the 
present context but also m that of the proposal 
recently advanced for giving votes to young people 
at eighteen years of age He faces frankly the 
difficulty of presenting truth objectively, particularly 
in relation to judgments of value, and no less he 
recognizes that the ummaturity of the minds of our 
pupils 18 a fundamental difficulty Because of that 
immaturity, they are not capable of making up their 
munds for themselves when confronted with carefully 
balanced hsts of credits and debits, and Sir John 
beheves that of all the demands made on imtelhgent 
boys and girls nowadays, this is the one which causes 
the most unhappmess and stram It 1s not helpful 
to withdraw our experience and comparative maturity 
from them at this pomt. 

Nor does Sir John believe that, m fact, ıt 18 possible 
todoso There is no neutrality m many such matters, 
and there 1s force m his suggestion that 1t may be as 
dishonest to pretend not to hold views which one 
does hold as to pretend to hold views one does not 
Moreover, the significant influence on the young 18 
what a man is and does, not what he says, and what 
he ıs and does are inseparately fused with what he 
believes, with his convictions, prmerples and faith 
Tolerance and an open mind are mdeed essential to 
human thought and progress, but they must be 
understood and practised as positives, not as 
negatives It ıs no part of real tolerance, Sir John 
reminds us, to believe that all opimions are equally 
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vahd, or of a genumely open mund to be empty. 
Empty minds and closed minds are equally a reproach 
to tle educator, and his final plea 18 not for prefer- 
ential treatment for any one set of opmuons or 
doctrines, but for a free, fam chance for all, accepting 
the risks involved where immature minds are con- 
cerned, because 1n this way we come nearest to being 
faithful to our immature pupils and to the truth 
itself. 

Sir James Gray suggested that the value of an 
educational system can be judged by the extent to 
which xb leaves people with a desire to know more 
about the world at large, and aware of the need—and 
the possibihty—of satisfying this at least m part, by 
personal effort Obviously, too, a constantly changmg 
environment involves a continuous review of the 
general pattern of teaching, but apart from this, it 
18 & serious indictment of specialist trammg m science 
and technology that it so often leaves the specialist 
not merely with no knowledge of the humanities but 
also with no desire to attempt to make good the loss 
That of itself has not only destroyed the catholeity 
of intellect without which civilization cannot survive , 
but ıt has also contributed to make the scientist 
and the technologist the tools, first of commercial 
power, and later of the impersonal power of the 
State 

This argument 1s developed by R T Rol m 
an appreciation of the width of krowledge of I K 
Brunel with which he concludes his biography of 
that distinguished and versatile engineer, and lus 
argument found echoes m a recent address of Sir 
Solly Zuckerman on science and freedom, as well as 
in Sir Charles Snow's thesis of the two cultures The 
divorce of the scientist and the engmeer from the 
humanities mvolves a loss of proportion, and from 
that sprmgs in some measure their loss of influence, 
while the door 1$ opened to musunderstandmgs, doubts 
and fears which have both shaken mans confidence 
and weakened his control over events Sm James 
Gray wisely remarked that no young scientist should 
be allowed to forget that new discoveries tend to 
arise from the borderland between different subjects, 
where the discrplme of one is applied to another, 
but that alone will not suffice. It would seem to 
follow from Dr Trenaman’s study that this question 
of general education must be tackled in the schools, 
before specialization begms, if anything effective is 
to be done 

Sir James Gray’s address, no less than Sr John 
Wolfenden’s, thus leads directly to the central 
question which Sir James Robertson discussed 
What are our schools for? It may still be a more 
open question than is often admitted, how much of 
our educational effort should be devoted to the 
trainng of professional scientists and technologists, 
and neither Sir James Gray nor Prof Jewkes denied 
that we might need to increase the present pro- 
portion What they did emphasize was that we 
should have due regard to the cost, and before we 
denied, m consequence, to à very much larger fraction 
of the community a reasonable chance of *'seeing life 
steadily and as & whole", we should be sure, on the 
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basis of umpartial mquiry, that the need existed and 
that the cost is justrfied. 

This question, however, cannot be entirely separ- 
ated from that of the general education of the com- 
munity If science is to be of direct cultural gigni- 
ficance, 1t cannot, as Sir James Gray said, shut rtself 
off from one of the mam factors which have influenced 
men’s attitude to social problems, and mplicit m his 
address was a suggestion for further mquiry into the 
way m which scientists might receive this genera] 
education, possibly through the activities of the 
British Association itself If this mquiry supported 
a wider, and perhaps more biological outlook on 
general education, very far-reachmg re-organization 
of both schools and universities might be mvolved , 
but this could scarcely be undertaken without giving 
& considered answer to the question, what are our 
schools for, if not to the corresponding question about 
the purpose of university education. Even to urge 
that science can only play rts full part m furthermg 
human welfare 1f ıt 1s used, at a very early stage of 
education, as a means of encouraging a dispassionate 
but optimistic attitude towards all aspects of human 
affairs, mvolves at least an answer to the first 
question, 

Sa James Robertson’s survey was largely inspired 
by the view that we are neglecting the greater task 
of education for the lesser, though not unimportant, 
task of mstruction, and 1t should already be clear 
that many of our present shortcomings arise from 
this fact, perhaps m part, too, from a failure to 
reahze that what ordmary children need most of all 
is neither this skill nor that smattermg, but just to 
be humanized and helped even a little way towards 
eivilized living It might well be urged that without 
this the scientist and technologist, too, are unlikely 
to contribute much towards meeting the real needs of 
mankmd If, m fact, the maim effort of the secondary 
modern school 1s diverted from the general education 
of the ordinary child, no improvements m the extent 
or quality of further education are hkely to repair 
the damage It ıs abundantly clear already that the 
fundamental reason only a small mmority of British 
adults continue ther general education is not the 
Jack of facilities but the defects 1n the education they 
have already received It ıs ın the schools and the 
schools alone that the basis of a sound general 
education can be provided, either for the ordinary 
citizen or for the specialist 

The whole trend of Prof Jewkes’s address supports 
Sir James Robertson’s conclusion that until we are 
content to accept children as they are, we will con- 
tinue to lose the chance of developmg the gifts they 
have, m our perverse determmation to make them 
manifest powers which in fact they do not possess 
His second conclusion is endorsed by Sir James 
Gray’s address: m its aims and emphasis our 
education should reflect, as ıt does not at present, 
the mescapable truth that rt 1s for most of us relatively 
easy to get a job and do xt decently, but tragically 
hard to be good human beings m our communities, 
our homes and our sohtarmess It will not be easy 
to change the emphasis from vocational trainmg to 


Vot 184 


October 17, 1959 


education for life, nor perhaps even possible without 
a change of heart, but until 16 1s done we can scarcely 
approach the problem of livmg with scienco and the 
effectrve uso of the spoken or the written word and 
the visual mage 

To set Sir James Robertson’s plea that the ordinary 
child needs to be humanized and to, be helped towards 
eivilized living against Sir John Wolfenden’s plea that 
it 18 not helpful to withdraw our experience and 
comparative maturity from our pupils when they are 
faced with judgments of value, sufficiently illustrates 
how much common ground exists in these two 
approaches and how much depends on the teacher 
That remains the key problem, and especially how 
men and women of the right type are to be found 
and produced Even if the need for Britam to 
produce more highly qualified scientists and tech- 
nologists is fully established, the development of 
general education for the ordinary ecrtizen may still 
remain the more urgent problem for at least two 
ieasons The production of scientists and tech- 
nologists of the required. qualities 1s linked with this 
problem of general education m the schools and the 
supply of appropriate teachers Moreover, since the 
general citizen, as the Countess of Albemarle observed, 
needs mereasingly to have some understanding of 
what science is about, because decisions in public 
affars nowadays usually ın some measure and at 
some pomt mvolve an assessment of scientific and 
technical data, the appropriate measures to mcrease 
the supply of teachers—and m turn of scientists and 
technologists—depend very largely on the existence 
of an informed opmion capable of understanding the 
action required, and capable of supporting 16 until 16 
has been carried to a satisfactory conclusion 
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RESEARCH IN GAS DYNAMICS 


Fundamentals of Gas Dynamics 

Edited by Howard W Emmons (High Speed Aero- 
dynamics and Jet Propulsion, Vol 3) Pp xm-+749 
(London Oxford University Press, 1958) 140s net 


HE third volume m the Princeton series, “High 
Speed Aerodynamics and Jet Propulsion", 1s con- 
cerned with the fundamentals of gas dynamics In 
his preface the editor of the volume describes gas 
dynamics as a rapidly developing branch of physics 
and appled mathematics Tsien’s introductory 
chapter, & general development of the equations of 
gas dynamics but dealing principally with the fluid 
mechanies of a contmuum, amply illustrates the 
importance of applied mathematics ın this field of 
study All possible combmations of compressible 
flows, adiabatic or diabatic, rotational or rotational, 
steady or unsteady, are considered Tho last chapter 
on the flow of rarefied gases, by Schaaf and Chambré, 
defines clearly the regimes of gas dynamics, develops 
equations for free-molecule and shp flows and pre- 
sents experimental data for the slip flow and transition 
regimes Ths chapter emphasizes that a broad 
knowledge of physics 1s required by a worker in the 
field of high-speed aerodynamics 
Yet any engineer concerned with problems in gas 
dynamics will question whether Emmons’s definition 
15 complete, for while the need for a background m 
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mathematics and physies will be agreed, the develop- 
ment of any branch of fluid mechanics as complex 
as this one must depend upon verification of analytical 
work im engineering experiments Crocco’s chapter 
on one-dimensional flow (a ‘book’ of three hundred 
pages m itself) supphes a logical analytical develop- 
ment but shows an awareness of this need for exper- 
mental data It ıs surprising that some of the now 
classical descriptions of one-dimensional compressible 
flows (for example, the flows in ducts with friction 
and heat transfer under varymg pressure ratios) 
have not been backed by a great deal of experimental 
work But Crocco has gathered together some excellent 
photographs of shock phenomena and presents the 
results of expermnents that this reviewer has not 
seen before, particularly the work of Frossel. Some 
interesting experimental data obtained by Neumann 
and Lustwerk for the ‘pseudo-shock’ (the complex 
oblique shock wave pattern with turbulent mixmg, 
which occurs when the boundary layers are thick) 
are also meluded, together with a review of the 
work of Shapiro and his associates on the ‘aero- 
thermopressor’, a device m which the stagnation 
pressure of a compressible fluid flow may be mereased 
due to the abstraction of heat (by myection and 
evaporation of water droplets) 

Hayes's chapter on shock waves and gas dynamic 
discontinuities and that on shock wave mteraction 
by Polachek and Seeger are well written and logically 
developed (This latter chapter contams some 
beautiful photographs of regular and Mach reflexions 
and mtersections and of shock refractions ) Stever's 
article on condensation phenomena, agam mteresting 
and readable, appears somewhat out of place m a 
volume m this series, for much of the material deals 
with steam flows Kantrowitz’s chapter on unsteady 
gas dynamics appears to be a little brief to this 
reader, a non-specialist m the field, who found the 
brevity of the last article on the application of pres- 
sure waves in heat engmes disappomimg, especially 
as the quoted references on this subject are difficult 
to obtam (There are numerous references elsewhere 
m the volume to papers produced ‘mternally’ by 
laboratories This growing practice of referrmg to 
unpublished work 1s to be deplored ) Emmons's own 
mdividual contribution to the book, on flow dis- 
continuities associated with combustion, 1s a lucid 
piece of writing, although the difference in notation 
between this section and the introduction on general 
aspects of combustion, by von Kármán, is a httle 
confusmg Sur Geoffrey Taylor, with assistance from 
R S Tanlun, provides a section on the Chapman- 
Jouguet theory of detonation 

One surprismg omussion is the lack of a chapter 
on the flow of real gases at high temperatures (that 
is to say, dissociated or ionized gases), although 
Crocco includes articles on the flow of gases with 
variable specific heats and gases obeying van der 
Waals's equation 

Most workers 1n the field of gas dynamics will wish 
to know how this book compares with Shapiro's 
volumes on compressible flow, published in 1953, 
but the comparison ıs a difficult one to make for 
Shapiro's book is largely devoted to the teaching of 
gas dynamics The present volume is aimed at 
reviewing the state of research in gas dynamics, and 
will be widely used by specialist research workers 
1n different fields 

If any criticism may be made of the new volume, 
1t 18 the usual criticism of a book by several authdrs 
—that of duplication of content material and differ. 
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ing notation (For example, the work by Hawthorne 
and Cohen, on the effect of heating and cooling a 
compressible flow, appears m three places) In general 
the book ıs of the high calibre expected of the dıs- 
tinguished authors and editor, and all physicists, 
mathematicians and engmeers working m the field 
will be grateful for the publicdtion of this volume 

J H Horroox 


MICROSCOPES AND 
PHOTOMICROGRAPHY 


The Practical Use of the Microscope 

Ineludmg Photomuerography By George Herbert 
Needham Pp xxiv-+493 (Springfield, Hl Charles 
C Thomas, Oxford Blackwell Scientific Pub- 
heations, 1958) 117s 6d 


Photom crography 

By Dr Roy M Allen Second edition Pp xm-+44l 
(54 plates) (Princeton, NJ D Van Nostrand 
Company, Inc , London D Van Nostrand Com- 
pany, Ltd, 1958) 67s 6d 


Applied Microscopy and Photomicrography 
By H M Males Pp 143-12 plates (London 
Fountam Press, 19590) 22s 6d net 


IN many branches of scientific work the need to 

take photomicrographs arises both for record 
purposes and to illustrate lectures and published 
works It is generally accepted that success in 
photomicrography primarily depends upon a thorough 
knowledge of microscopical prmeiples and the correct 
use of the microscope , ib 1s with this that the book 
by G H Needham 1s more concerned From a study 
of the hst of contents, 16 would seem that m scope 
and breadth of treatment this would be a most 
valuable book, unfortunately this does not prove 
to be the case, for here 1s one book which definitely 
cannot be recommended The treatment is unjusti- 
fiably dogmatic, and much of the matter 18 obsolete, 
for example, the chapter on electron mucroscopy, 
which only makes a passing reference to the technique 
of thm-sectionmg Other valuable modern techniques 
such as phase-contrast and interference microscopy 
receive only a sketchy treatment 

Although the book ıs profusely illustrated, ıt is 
felt that many of the photographs, particularly those 
of microscopes, are superfluous The essential 
features ın a chapter on bmocular microscopes, for 
example, are certainly not photographs of the stands, 
but diagrams which give the reader valuable nforma- 
tion on, say, the arrangement of the prism trams and 
path of the light rays It 1s these features which are 
conspicuous by their absence The book has not even 
the merit of correct English or clear explanation to 
commend it The glossary of mucroscopical terms 
included in the book may be taken as representative 
of the general standard thus ıb 1s stated that 
“there 1$ no connection between the focal length of 
an objective and its working distance, except that 
they are directly proportional’! It seems that there 
1s still need for a comprehensive reference work on 
microscopy 

The other two books may be recommended with- 
out reserve Dr Allen's well-known ''Photomiero- 
graphy” appears in a revised and enlarged edition 
which gives a straightforward account of the prin- 
ciples and practice of photomicrography, including a 


NATURE 


October 17, 1959 


chapter on home-made equipment which should prove 
useful to the enthusiast who has not the resources 
of a fully equipped laboratory at his disposal There 
is also an adequate section on the purely photo- 
graphic aspects which should prove valuable to many 
The book by H M Malies has the great advantage 
of a low price, but ıt may be said at once that one 
gets very good value for money as it gives a clear 
account of basic microscopical technique There are 
many good line illustrations and plates A munor 
shortcoming 1s the lack of detailed mformation on 
the photographie processes mvolved in the making 
of a photomicrograph ; I would have liked to see a 
section on the use of the 35-mm camera included, m 
view of the inereasmg popularity of this size of 
negative for much of the routine photomicrography 
carried out to-day S BRADBURY 
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LOW-TEMPERATURE 
ENGINEERING 


Cryogenic Engineering 

By Russell B Scott Pp x1+-368 (Princeton, N J 
D Van Nostrand Company, Inc , London D Van 
Nostrand Company, Ltd, 1959) 5 60 dollars , 428 


"une word ‘cryogenic’ has come into fashion during 
the past five years and is mtended to embrace 
all practical applications of low temperatures (say 
below — 150°C) In fact, ıt connotes, at the present 
time, & more restricted field in which the main 
emphasis is on techniques for the hquefaction 
and handling of low-temperature rocket fuels and 
oxidants, and special apparatus for low-temperature 
research The mam fields of dustrial low-tempera- 
ture apphcation, namely, air separation and ethylene 
production, remain largely outside its orbit — This 
emphasis is clear m Dr Scott's book and arises 
naturally from the fact that the work of the US 
Bureau of Standards Cryogenic Laboratory at 
Boulder, Colorado, of which he 1s head, has con- 
centrated on the new applications of very low 
temperatures 

The book is exceptionally valuable because the 
author combines a masterly understanding of the 
theory of his subject with access to detailed informa- 
tion on the most modern techniques, which he freely 
imparts 

The chapter on gas hquefaction 1s useful because 
of 11s comprehensiveness and rts detailed treatment 
of heat-exchanger design Hydrogen and helum 
liquefaction feature largely Gas separation 1s 
intentionally given only token reference, but this is 
compensated for by a useful treatment of gas pm- 
fication by adsorption 

Low-temperature thermometry is covered compre- 
hensively and lucidly, as one might expect from an 
exponent of the subject 

The storage and prpmg of liquefied gases 1s dis- 
cussed in great detail, both theoretically and prac- 
tically It 1s probable that the material given will be 
adopted as the standard text for many years to come 

The final chapters of the book contain a compilation 
of the properties of cryogenic fluids and structural 
matenals at low temperatures, gathered and sifted 
with the full resources of the National Bureau of 
Standards 

The book 1s well written, 
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A NEW INTRODUCTION TO 
GEOLOGY 


Basic Geology for Science and Engineering 

By Prof E C Dapples Pp ix--6090 (New York 
John Wiley and Sons, Ine , London Chapman and 
Hall Ltd, 1959) 76s net 


“TY ASIC Geology for Science and Engineering” is 
designed to introduce geology to those studymg 
to become geologists, agronomists, or engineers. 
The scope ıs wide, except for paleontology, all 
branches of geology are touched on, although physical 
geology 18 grven greatest attention More promimence 
than 1s usual m a book on general geological principles 
18 given to the soil, a topic which 1s mtroduced early 
m the book and returned to repeatedly ın different 
contexts Indeed, the arrangement of subject-matter 
throughout 1s cyclieal m character, return being made 
to different aspects of the same point as knowledge 
of contiguous subjects is built up This system is 
intended to facilitate the assimilation of some of the 
more difficult ideas It 1s not altogether certain that 
it succeeds, although it sounds logical, but ıb 38 
certain that the arrangement is not conducive to 
rapid reference This : a pity, because the volume 
contains an impressive amount of up-to-date informa- 
tion, much of which has not found its way into a 
geological text-book before, and which often seems 
likely to be of greater terest to the advanced student 
or even the specialist m need of a quick reminder 
than to the begmner to whom the book 1s primarily 
addressed 
At the present time geological research 1s tending 
to develop an mcreasmg quantitative bias “Basic 
Geology for Science and Engineering” will appeal to 
those who believe that this is an inevitable and 
desirable change The approach to the subject 1s 
essentially analytical, and frequent recourse 1s made 
to empirical relationships and the theories and prm- 
ciples of physical chemistry and thermodynamics 
in introduemg and explamung geological processes 
This approach has the merit that ıt uses points of 
view and processes of thought familiar to those whose 
interest m geology 1s a by-product of a more funda- 
mental mterest ın some branch of engineering or other 
technology 
There are those, however, who consider that the 
variables involved in geological processes are so many 
and so little understood that we are very far from 
being in a position to rationalize the subject along rigid 
mathematical lnes—if it will ever be possible to 
do so Without taking the extremist view that all 
attempts to mtroduce quantitative concepts into 
geology are therefore a waste of time 1f not actually 
subversive, there does seem to be a danger that the 
newcomer to geology may be left with a misleading 
impression of simplicity, order, and exactitude if he 18 
introduced to the subject by means of a series of 
mathematical equations Prof Dapples himself 
mentions the dangers of over-simphfication, but he 
might well have given this pomt more emphasis 
One way of domg so would have been to stress the 
importance of work 1n the field, an aspect of geology 
which receives scant attention As a distinguished 
British geologist 1s fond of umpressing on his students, 
the best geologist 1s the one who has seen the most 
rocks, and there ıs no doubt that famibamty with 
rocks, especially m the field, induees a healthily 
corrective scepticism towards ghb generalizations, 


however elegant 
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So long as the lmutations of the mathematical 
approach are borne m mund, “Basic Geology for 
Science and Engmeermg” will fulfil a useful purpose, 
but as an mtroductory text-book 1t will probably be 
of greater value to engmeers than to those whose 
primary interest 1s geology. 

The reading lists are compiled almost exclusively 
from North American sources 

J C M TAYLOR 


DIELECTRICS 


Progress in Dielectrics 

Vol 1 Edited by Dr J. B Birks and Dr J H 
Schulman Pp x +312 (London Heywood and 
Co, Ltd, 1959) 70s net 


HIS books the first volume of a series which 1s 

intended to appear annually The present volume 
contains four reviews which cover fairly completely 
the recent advances concerning electric breakdown, 
two articles on ceramics and one on electrophoresis 
The editors appear to aim at the experimentalist 
with theoretical mterests 

The first article, on “Dielectric Breakdown m Solid 
Insulation”, by J H Mason, brmgs up to date a 
subject last summarized by S Whitehead m 1951 
The author assumes a knowledge of Whitehead’s 
book and concentrates on recent work, m much of 
which he has played an active part The review is 
comprehensive and includes very recent work on 
electromechanical breakdown 1n plastics and thermal 
impulse breakdown m glass For the electrical engin- 
eer there ıs much practical information regardmg 
breakdown by mternal and surface discharges and 
electrochemical deterioration. 

‘Dielectric Breakdown Effects ın Crystals" 1s very 
much the preserve of its reviewer, J. W Davisson 
The subject is essentially academic and mvolves 
both advanced theory and refined experimental 
techniques Davisson reviews recent work since 
Whitehead’s book, and 1s careful to state fairly the 
conflicting views on controversial subjects, such as 
the theories of path formation 

“The Electric Strength and High Field-Condue- 
tivity of Dielectric Liquids”, reviewed by T J 
Lewis, 18 à very difficult subject, because much of the 
experimental material 1s contradictory The author, 
who has great experience in the field, does his best to 
explam the reasons for the discrepancies, but even 
80, the reader ıs left a little bewildered by the many 
sources of experimental error and the many alterna- 
lave theories However, just in this kind of subject 
1t 18 very helpful to have a critical review 

The review of “Gaseous Dielectrics” by T W 
Liao and R E Plump 18 concerned not only with 
electric breakdown, but also with physical and chem1- 
cal properties such as heat transfer and flammability 
It 18 a merit of this review that 16 treats physical and 
chemical considerations with equal interest, and that 
it brmgs out the general principles of its subject m 
an easily intelligible way The article contams also 
a number of useful practical considerations 

The article on ‘‘Ferroelectricity of Barrum Titanate 
Crystals” by A D Frankl ıs perhaps not quite as 
useful as the others because rts subject cannot easily 
be separated from ferroelectrierty m general, a subject 
which has been widely reviewed recently, both from 
the crystallographic and electrical pomt of view 
In the circumstances 1t might have been better if 
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the article were more chemical and technological than 
16 18, even though there are some useful references to 
chemical preparation 

“Non-oxide Ceramic Dielectrics’ by P Popper 
would seem to contam rather too much theory which 
18 not immediately relovant However, 1t 18 useful to 
have information on this mteresting new subject 
by an author who 1s actively engaged m research on 
1b 

*"Blectrophoretie Deposition of Insulating Mater- 
1als”, reviewed by J B Burks, 1s a practical subject 
which involves much chemical ‘feel’, The author 
succeeds m. presenting the relevant theoretical back- 
ground of his subjects clearly and concisely, which 18 
useful since colloid science 1s generally treated m a 
biological context The article gives a helpful 
survey of the practical applications 

V. Danren 


EMBRYOLOGY 


A History of Embryology 

By Dr. Joseph Needham Second edition, revised 
with the assistance of Dr Arthur Hughes Pp 304+ 
18 plates (Cambridge At the University Press, 
1959) 52s 6d net 


HIS new edition of Dr Needham’s remarkable 
contribution to the history of science will be 

widely welcomed Its first appeal is to professional 
biologists, who will (or should) want to know more 
about the way ther own science found its way out 
of abysmal :gnorance and superstition towards greater 
knowledge and understanding, end histonans of 
science will find ıt an indispensable source-book 

But ıb 18 important for wider reasons It 1s ympor- 
tant for the general historian, who will find m it 
numerous illustrations of the social relations of 
scronce One that I found dlummatmng was the fact 
that m the seventeenth and eighteenth centuries 
there was a widely held conviction (abundantly 
justified by later events) that research mto the nature 
of generation would throw hght on orthodox theo- 
logical doctrines, such as that of ‘origmal sm’, and 
that this “led to an economic situation of value for 
biological development" To-day 1t 1s devoutly to be 
wished that the powers that be, meludmg publie 
opinion n general, would extend this conviction and 
realize that 1esearch m biology will throw light on 
the central problem of man’s nature and destiny 

The historian will also find many examples of the 
unfortunate political and social results of wrong 
attitudes to science and technology , for example, the 
contempt of antiquity for the ‘base mechanic’ and 
his arts, and the recurrent mcomprehension of science 
and scientific method by governments and dominant 
classes As Sir Charles Snow has so pithily pointed. 
out m his recent Rede Lecture this comprehension 
between the professional scientists and the repre- 
sentatives and products of so-called humane studies 
can be mutual, and m Britain has led to the develop- 
ment of two cultures withm the one nation 

It would seem that the only way to heal this split 
18 through some reform of education, aimed at the 
integration of the sciences and the humanities 1n. the 
cultural process, and many of us feel that for this the 
historico-evolutionary approach 1s necessary 

The evolutionary concept links man with the rest 
of life, mund with matter, contemporary history 
with archeology, while the history of science and 
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its gradual mvasion of new fields can be the bridge 
between the scientific and other elements m human 
history. Books like Dr Needham’s are of the greatest 
value in helping to realize this process of our cultural 
re-education and re-imtegration 


VoL 184 


JULIAN HUXLEY 


FOURIER SERIES 


Trigonometric Series 

By Prof. A Zygmund. Second edition Vol 1 
pp xu+383 Vol 2. pp vn4-384 (Cambridge 
At the University Press, 1959) — 84s net each 
volume 


YGMUND'S authoritative treatise, which first 
appeared as a single volume m 1935, has been 
thoroughly revised and much enlarged for this second 
edition The first volume contains practically every- 
thing which was m the origmal edition The essential 
foundations on convergence and summability are 
dealt with m the earher chapters , the reader needs a 
firm grasp of the elements of pomt-set theory and of 
Lebesgue integration The main results are illustrated 
in a good chapter on special Fourier series The rest 
of the first and the whole of the second volume deal 
with special problems and topics, much of the 
material m the second volume being work done durmg 
the past thirty years, showing, m particular, the 
influence of Littlewood and Paley Hach chapter 
is closely packed, and only the very mdolent will 
ignore the additional wealth of content available in 
the annotated exercises 
The author marshals his maternal skilfully A good 
example is his chapter on interpolation of lmear 
operations, where the Ruesz-Thorm interpolation 
theorem and the famous Riesz—Fischer, Hausdorff- 
Young and Riesz theorems which interpret and 
generalize the Parseval formula 


25 
zj dt = Zlen 
0 


for a function f with Fourier coefficients Cp, are 
neatly stitched together and embroidered with 
Paley's remarkable theorem on Fourier coefficients 
and the Hardy—Littlewood theorems on re-arrange- 
ment of Fourier coefficients Has chapter on multiple 
Fourier series emphasizes the need for significant 
rather than obvious generalizations 

Even where the ground has been well ploughed, 
some problems remam For example, ıt is now more 
than eighty years smce du Bois-Reymond constructed 
& continuous function with a Fourier series diverging 
at one pomt, the extension to divergence at an 
everywhere-dense set of pomts followed easily enough, 
but so far all such sets have been of zero measure 
The question still stands Can a continuous function 
have a Fourier series which diverges at all points of a 
set of positive measure? A sumilar problem was 
solved some thirty years ago by Kolmogorov, with a 
delicate argument produemg an integrable function 
with a Fourier series diverging everywhere 

In its new form, beautifully produced by the Cam- 
bridge University Press, this book remams the 
standard and indispensable text for any analyst 
interested m Fourier series for their own fasematmg 
sake T A. A BROADBENT 
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Beitrage zur Neotropischen Fauna 

Herausgegeben von Prof Dr Erich Titschack und 
Dr Hans-Wilhelm Koepcke 1 Band, Heft 3 Zur 
Kenntnis der Pseudoscorpiomden-Fauna des Anden- 
gebietes Von Max Beier Pp 185-228 Kritische 
Untersuchungen der Newportia-Arten Von Wolf- 
gang Bucherl Pp 229-242 Em neuer Asthenes 
(Aves, Furnarndae) von der Kuste und dem west- 
lichen Andenabhang Sudperus Von Maria Koepcke 
Pp 243-248 . Beirage zur Kenntnis der Fische 
Perus II Von Hans-Wilhelm Koepcke Pp 249- 
o (Jena - Gustav Fischer Verlag, 1959) 1095 


HE first two papers in the above collection 

which continues this important new publication 
are of considerable interest to students of the multi- 
tudinous neotiopical mvertebrate fauna Dr Beier 
deals with a rich collection of pseudoscorpions from 
isolated regions of the Andes, especially Peru This 
legion appears to be the developmental centre of 
genera like Stenolpwum and Parawithus, while in 
Chile the nearctic genera like Dwnochewus fade out 
There are many endemic species here, and Dr Beier 
has found 1t necessary to make several new genera, 
all of which appear to be soundly based Whether 
the Pseudoscorpions show replacement of species by 
altitude ıs difficult to determme this ıs shown by 
such anmmals as some of the Chilopods, but unfor- 
tunately few of Beier’s specimens have altitude data 
with them The new genus T'eratolpwum is found at 
high altitudes only, but conversely Paochyolpvum 
granulatum Beier 1s found from 700 to 1,630 metres 
It 1s to be wished that, where a choice was available, 
the type specimen chosen should have been one 
from a known altitude (ef Progarypus peruanus 
Beier) Problems for future mvestigation may be 
glimpsed here and there, for example, Lampro- 
chernes, a genus of world-wide distribution, has a 
species high up m the Andes, while Apolprum 
vastum Beier has been found only on orchids 
Bucherl’s very umportant revision of the Scolopendro- 
morph genus of Centipedes, Newportia, places the 
systematics of this group on a satisfactory basis for 
the first time The three subgenera Newportdes, 
Scolopendrides and Newportia had been used or not 
by previous authors almost according to taste or 
fancy Bucherl shows quite conclusively that they 
apply to well-marked groups of distinct geographical 
range A really workable key covers all the known 
species and sub-species and entails several changes 


of attribution and status E A TURK 
Crushing and Grinding 
A Bibhography Pp ix4425 (London HM 


Stationery Office, 1958 Published for the Depart- 
ment of Scientific and Industrial Research) 35s 
net 


HIS bibliography will be invaluable to the very 

many industrial users of the processes of crushing 
and grindmg and to research workers mterested in 
communution, particle size determmation and particle 
classification The bibhography proper is preceded 
by short authoritative reviews on fundamental 
aspects of crushing and grinding, problems of 
breakage and structure of coal, methods of particle 
size analysis, industrial grinding; crushing and 
grinding in the ceramic industry , grmding in the 
cement industry , crushing and grmding of minerals , 
grmding m the field of dyestuffs and organic chemi- 
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cals, fire and explosion hazards m crushing and 
grinding operations The sections into which the 
bibliography itself 1s divided (with the number of 
references in each section shown 1n brackets) are 

fundamental aspects (450), crushmg and grmding 
practicé (354), coarse reduction (154), fine reduc- 
tion (579), non-mechanical methods (63), materials 
(744); methods of particle size and surface area 
determmations (186), classification (160), dust and 
fire hazards (141) Nearly every reference 15 accom- 
panied by a useful abstract There is a name index 
and a comprehensive subject ndex The Department 
of Scientific and Indusirial Research and the small 
committee, under the chairmanship of Mr A S 
White, appointed to advise on the planning of the 
work, together with Mr W H Bickle, who undertook 
most of the detail of the work, are to be congratulated 
on this compilation This 1s the second bibhography 
published by the Department of Scientific and 
Industrial Research on unit operations—the first 
was on industrial drymg (1951), 16 1s to be hoped 
that further simuarabibhographies will be pro- 
duced S G Warp 


River Pollution 

1 Chemical Analysis By Dr Lows Klem Pp 
1x4-206 (London Butterworths Scientific Publica- 
tions, New York Academic Press, Inc, 1959) 


30s , 3 50 dollars 


HIS book 1s an expansion and revision of two 
chapters which appeared m an earler work 

concerned with the general aspects of river pollution 
The pollution of the rivers of Britam has been widely 
discussed durmg recent years both in lay and scientific 
circles While 16 may well be true that “one photo- 
graph, particularly if ıt ıs in colom, may be worth 
a bundied dissolved oxygen samples m so far as 
securing public support or influenomg a jury 18 
concerned”, the satisfactory resolution of the many 
problems mvolved can only be achieved after recourse 
to analytical methods 

Dr Klem deals m this text with physical and 
chemical methods for the analysis of waters, sewage 
and trade wastes, biochemical methods are not con- 
sidered The recent recommendations of the official 
“Methods of Chemical Analysis as apphed to Sewage 
and Sewage Effluents" and the “Recommended 
Methods for the Analysis of Trade Effluents" prepared 
by the Joint Committee of the Association of British 
Chemical Manufacturers and the Society of Analytical 
Chemistry are mcorporated No attempt 1s made to 
give detailed procedures but the many methods 
available are discussed critically and the most 
suitable method for a particular problem 1s mdicated 
The bibliography contains nearly 600 references to 
the hterature The appendix ineludes tables of 
saturation values for dissolved oxygen, conversion 
tables for various units of measurement, including 
degrees of hardness, tables of alkali conversion factors 
and various volumetric factors, and some typical 
analyses of waters and effluents 

There seem to be few errors, one, common to 
many text-books, 1s that ferrom can be used as 
indicator m the dichromate-ferrous titration Unless 
an unusually high acid concentration 1s used the end- 
point is poor The book would be of greater practical 
importance had experimental detail been given for 
the more widely apphed methods However, ıb 
should certainly prove a valuable guide to the htepa- 
ture of this 1mportant field R BELCHER 
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Bumblebees : 
By Dr John B Free and Dr Colin G. Butler With 
two appendices by Dr Ian H H Yarrow (The New 
Naturalist. a Survey of British Natwal History ) 
Pp xiv--208.-25 plates (London  Wilham Collins, 
Sons and Co, Ltd, 1959) 253 net 


r their preface the editors express the hope that 
this book will widely encourage naturalists to take 
up the study of bumblebees, and ıb 1s indeed a 
stimulatang work Much information 1s given m an 
easily understood form, and possible answers to 
problems as yet unsolved are suggested This eager- 
ness to press forward on to untried ground does, 
however, occasionally lead the authors mto making 
assumptions which are not entirely justified by the 
available expermnental results Certam ove1-simpli- 
fications also occur m places, as, for example, on 
p 66 m the deseription of an expeniment by Dr 
Free, which was designed to test whether bumblebees 
entering a strange colony can be recognized by their 
scent alone Reference to the ongmal paper shows 
that the results were less clear-cut than stated here 
Nevertheless, m assessing the overall scope and value 
of the book these criticisms prove to be relatively 
unimportant 

The development of colonies from them inception 
in the spring until the final hibernation of the mated 
young queens is described and, as m other chapters, 
the descriptions are illustrated by numerous origmal 
photographs Among other topies discussed are the 
division of labour, collection of food, recognition of 
intruders in the nest, and predators and parasites 
Not only are the biology and behaviour of bumble- 
bees considered, however, for there 1s also an mter- 
esting chapter on ther economic mmportance, m which 
the: value as pollinators of crops and in plant-breed- 
ing is reviewed , various suggestions are also put 
forward for mcreasmg their numbers ın farming areas 

Two appendixes by the authors on methods of 
collecting and rearmg colonies contam much useful 
practical mformation, while a further two appendixes 
by Dr Ian Yarrow give a sunple key to the British 
species of Bombus and Psithyrus and details of ther 
distribution. M. Dexia ALLEN 


Foundations of Set Theory 

By Prof Abraham A Fraenkel and Prof Yehoshua 
Bar-Hillel (Studies m Logic and the Foundations 
of Mathematics ) Pp x+415 (Amsterdam North- 
Holland Publishing Company, 1958) 42 guilders, 
84s. 


Axiomatic Set Theory 
By Prof Paul Bernays With a Historical Introdue- 
tion by Prof. Abraham A Fraenkel (Studies m 
Logic and the Foundations of Mathematics) Pp. 
vu-+226. (Amsterdam North-Holland Publishing 

Company, 1958) 45s 
“\HESE two books are the latest m the series of 
Studies in Logic and the Foundations of Mathe- 
matics, produced by the North-Holland Publishing 
Co The first opens with a short chapter on the 
paradoxes of set theory and then proceeds to the 
axiomatic foundations, mcludmg the axiom of 
choice , the axiom systems of von Neumann, and of 
Bernays and Godel are discussed There 1s a chapter 
on type-theoretical approaches, contaimung develop- 
ments by Quine, Wang, Lorenzen and others, and an 
interesting section on set theories based on non- 
standard logics — Here, m particular, 1s a discussion 
of the rather obscure ideas of the Polish logicians, 
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Leéniewski and Chwistek About seventy pages are 
devoted to mtuitionistic conceptions of mathematics, 
and the bulk of the discussion concerns, of course, the 
ideas of Brouwer. The final chapter 1s concerned 
with metamathematics and semantics The biblio- 
graphy, extending to fifty pages, covers comprehen- 
sively the years 1947—56, and will probably become 
the standard for this period 

“Axiomatic Set Theory” 18, apart from the mtroduc- 
tion by Fraenkel, largely a presentation of a modified 
form of the material published by Bernays over the 
years 1937-54 ın the Journal of Symbolic Logie It 
is a formal development and 18 carried out in detail 
1n 1t8 applications to analysis, including the theory of 
real numbers, and to cardinal arithmetic The 
book 1s, as the author says, “designed for a 1eader 
who has some acquaintance with problems of axio- 
matics and with standard methods of mathematical 
logie" 

Po the ‘workmg mathematician’ these two volumes 
will mdicate something of the great amount of effort 
which, in recent decades, bas been expended in the 
field of symbole logie and the foundations of mathe- 
matics The situation 1s still very fluid, and 1t appears 
that "the third foundational crisis that mathematics 
is still undergoing" 1s far from becoming a thing of 
the past L S8 GODDARD 


Elementary Statistical Physics 

By Prof. C Kittel Pp 1x4-228 (New York John 
Wiley and Sons, Inc , London Chapman and Hall, 
Ltd , 1958) 64s net 


HIS book contams a short but concentrated 
treatment of a wide field of theoretical physics 
Part 1 (116 pages) deals with classical and quantum 
statistical mechanics and its relation to thermo- 
dynamics, Part 2 (52 pages) with fluctuations, 
random processes ın general (including the Wiener- 
Khinchine theorem), Brownian motion, noise and 
irreversible processes, and Part 3 (46 pages) with 
detailed balance, kmetic and transport theory. The 
three parts are divided into a total of 45 sections, 
many of which are preceded by references to standard 
works and recent papers 
The exposition is usually clear and as simple as 
the topic permits, though there 1s an exception on 
p 19 where the law of increasing entropy 1s discussed 
before the entropy of a non-equilibrium state is 
defined The amount of apphcation to particular 
problems is mevitably small im relation to basic 
theory Assemblies of non-interactmg particles only 
are considered, except for an example on a lmear 
ferromagnet 1n the section on the density matrix and 
an appendix proving the virial theorem of Clausius. 
However, where possible, the author discusses both 
knotty points and recent developments , as examples 
may be mentioned sections on the thermodynamics 
of magnetization and negative temperatures, respec- 
tively Problems are given, but some of these seem 
to be mtended more as mvitations to follow up the 
references than ag exercises on the text For example, 
after no more formal definition of a Markoff process 
than the statement that the two-event probability 
function p, “‘contaims all the mformation we need" 
the student is asked to prove the Smoluchowski 
(Chapman—Kolmogoroff) equation 
The book may be recommended for readers who 
wish to find out about some of the great variety of 
problems and methods in modern statistical physics 
G M BELL 
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PRESENT POSITION AND FUTURE 


PROSPECTS IN GREAT BRITAIN 


By Da C H ANDREWES, FR.S. 
National Institute for Medical Research, Mill Hill, London, N W7 


AND 
H. V THOMPSON and W MANSI 


Ministry of Agriculture, Fisheries and Food 


INCE the mtroduction of myxomatosis into 
Australia and its destruction of millions of rabbits, 

the situation there has fundamentally changed, and 
with a startlnmg rapidity The virus has become 
attenuated so that more rabbits survive, and still 
more important, natural selection has ensured that 
the present population of rabbits has a greater innate 
resistance to the disease As a result of these two 
factors, myxomatosis ıs no longer regarded as of great 
value m keeping down the rabbits m Australa 
Workers ın that country^* have studied the changes 
in the virus and m the rabbits ın a most imaginative 
and painstaking manner, and in consequence we now 
have a fairly clear picture of developments there 

Course of events «n. Britam In Britam, the history 
of myxomatosis appears to be followmg a rather 
different course This ıs doubtless due mainly to the 
fact that the effective vector here 1s, for the most part, 
the rabbit flea (Spuopsyllus cunscult), whereas in 
Australia mosquitoes are the prmeipal vectors and 
Sprlopsyllus 18 not present 

When the disease first spread in Britain in. 1954-55 
it did not sweep over the country but was gradually 
distributed in a patchy manner and the natural local 
spread was slow but effective so effective that, by 
the end of 1955, the great majority (well over nine- 
tenths) of the wild rabbits had been killed by the 
disease Of course, pockets of susceptible rabbits 
escaped infection and continued to breed, as did the 
animals recovering from infection 

There were few reports of myxomatosis m the 
first months of 1956, but what may be called secondary 
outbreaks were soon evident and, as shown m Table 1, 
have smcq appeared m many places Curiously 
enough, the only English counties having httle or no 
secondary myxomatosis have been im the west and 
south-west, whereas the only Welsh counties ever 
reporting secondary myxomatosis have been the five 
on the west coast It was possible to say, m 1956, 
that there were no really heavy rabbit infestations on 
the mainland, but during the past three years rabbits 
have gradually mereased, so that there are now 
considerable populations in some areas and damage 
to crops ıs more frequently reported 

Samples of myxoma virus collected ın the field 
have been sent to Prof F Fenner at the Australian 
National University, Canberra, since October 1953 and 


Table 1 NUMBER OF COUNTIES IN ENGLAND AND WALES WITH 


OUTBREAKS OF MYXOMATOSIS 


Virulent disease | Attenuated disease (No ofincldents) 
5 


10 
22 





two of these, sent in September 1954 from Sussex, were 
somewhat attenuated! The first evidence of exten- 
sive infection with attenuated virus was m Sherwood 
Forest, Nottingham, m April 19552, and other cases 
have smce been found m many areas (see Table 1) 
The British attenuated or atypical myxoma usually 
produces a nodular lesion with less diffuse cedema 
than in typical cases During the early stages the 
nodules may contain fully virulent virus, but when they 
shrink and form scabs they contam virus of reduced 
virulence By means of the gel diffusion precipitm 
test? cases of typical and atypical myxoma may be 
rapidly distinguished and the stage of the infection 
assessed 

The connexion between the virulent and attenuated 
strams 1s at present by no means clear In the 
Sherwood Forest area myxomatosis has persisted 
contmuously since 1954 and both typical and atypical 
infections have been present smce 1955 In the 
Edenbridge area of Kent, on the other hand, there 
was no secondary outbreak of disease from 1954 
until March 1958, despite the marked increase m the 
rabbit population, although isolated cases of infection 
were found In 1958 the Edenbridge rabbits were 
greatly 1educed by disease which was typically 
virulent for the first four months, after which the 
presence of atypical mfection was also demonstrated 

Changes an virulence of the virus As Fenner and 
Marshall have shown, the attenuation of myxoma 
virus m Australia is a logical consequence of the 
relationships existing between virus, host and vector 
A rabbit bitten by a mosquito which carries a relatively 
avirulent virus will survive longer than one mfected 
with a more virulent stram and will, therefore, be 
able to serve longer as a reservoir of infection , virus 
wil thus be carried by more mosquitoes to other 
rabbits In Austraha natural selection thus tends to 
favour an attenuated stram In fact, fully virulent 
viruses deliberately mtroduced mto areas where less 
vicious ones are already prevalent will dommate the 
scene for only a short time’, the less virulent ones 
supplant them m a matter of months Virus which is 
too attenuated, however, causes lesions which appar- 
ently cannot serve as a good source for virus so 
the tendency 1s towards dommation by strams of 
intermediate virulence 

As already mentioned, attenuated myxoma virus 
has appeared in some areas of Britain and 1s on the 
increase, but modified strains have not, as 1n Australia, 
steadily ousted the highly lethal ones After six 
years, the latter seem to be at least as numerous as 
moilder ones This might have been predicted from 
the nature of the virus-flea-rabbit relationship, 
which presents notable differences from the virus— 
mosquito-rabbit system in Australia In contrast 
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to the Australian situation, there ıs likely to be some 
evolutionary pressure m favour of a virulent virus. 
Fleas on rabbits infected with such a strain will 
naturally leave the rabbit when ıt dies and spread 
the highly lethal virus Where, however, a rabbit 
survives, the Splopsyllus may have no occasion to 
seek a fresh host Even if the rabbit dies after a 
chrome ulness, there may well be only a little virus 
on the flea’s proboscis at that stage On a short-term 
basis survival of the highly lethal virus could thus be 
favoured Marshall and Fenner’ have made sugges- 
tions on simular Imes 

This, however, can scarcely be the end of the story 
For, as Theobald Smith taught, a parasite which kills 
all its victims will soon perish for lack of fresh hosts 
to infect There will thus be a counteracting long- 
term tendency to perpetuate a not too virulent virus 
In practice there have been several instances where, 
at the beginning of a myxomatosis outbreak, highly 
lethal virus has been recovered, whereas m samples 
obtained later m the outbreak attenuated virus has 
predommated Rabbits with attenuated virus may 
be ill for a long time and the virus may persist m 
attenuated form by exchange of mfected fleas m 
burrows The resultant of opposmg evolutionary 
tendencies may well be a mixture of highly lethal and 
attenuated viruses existing side by side m the same 
locahty Such a result could be brought about 
if the favoured virus were one which, as regards 
virulence, was genetically unstable, but what will 
in fact be the outcome, only time and alertness of 
investigators can reveal. 

Changes ın resistance of rabbits In Australia, a 
standard virus which originally killed 90 per cent of 
wild rabbits was only able, after the population had 
been exposed to seven successive epizootics, to lall 
30 per cent of currently caught young ones? This 
tremendous increase ın resistance seems to be of more 
practical importance than any change m the virus, 
and infection with myxomatosis has now become & 
manor factor m controllmg Australian rabbits despite 
the fact that there 1s usually an epizootic each 
summer The British results summarized above do 
not suggest that any such change has occurred 
among our rabbits. One wonders, indeed, whether 
this would be expected in a population of hosts with 
an average hfe-span of about a year and with out- 
breaks of disease at irregular intervals which may, 
as around Edenbridge, be as long as four years 

Discussion The main object of this article 1s to 
try to dispel the idea that myxomatosis here 18 
bound to behave just as ıt does m Australia There 
18 already good evidence that 16 ıs not domg so, and 
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possible explanations of this have been brought 
forward We do not know how the virus persists 
between outbreaks and how 1t manages to re-appear 
after an apparent absence when rabbit numbers have 
materially mereased It could conceivably persist ım 
a modified form ın an immune population or m some 
biting arthropod , but evidence 1s lacking that erther 
method ıs actually possible over a period of years 
It could also be introduced on rabbit fleas temporarily 
carned on muigratmg birds, or on wind-dispersed, 
infected Anopheles maculipennis (= A atroparvus) 
since these mosquitoes are known to be vectors m 
southern England, though of mimor importance 
compared with fleas Their role 1s believed to be 
rather greater in France, and if this is in fact so, 
myxomatosis there may have a different future from 
that m England. There remains the possibility of 
deliberate mtroduction by man, even though the 
Pests Act of 1954 made 1t an offence to use a rabbit 
infected with myxomatosis to spread disease among 
uninfected rabbits Few would deny that the mdis- 
crimmate spreading of the disease is undesirable, 
particularly m the absence of much more knowledge 
about the infection and the long-term consequences 
ofits mtroduction In any event we must admit that 
we do not know which, if any, of the agencies discussed 
are adequate to account for the persistence of the 
disease and its re-appearance at times after a con- 
siderable absence 
The increase in rabbit damage to crops m 1959 
serves as a reminder that, despite myxomatosis, the 
rabbit population of Britain is agam rising Much use- 
ful control has been possible by the concerted action 
of landholders through Rabbit Clearance Societies , 
there are now 370 of these, covermg seven million 
acres of land or about 15 per cent of the agricultural 
area of Britain ıb would be most unwise to relax 
such efforts Above all, 1t ıs of tremendous importance 
for the future of farmmg m Britam that we should 
learn more of the natural history of myxomatosis 
and the factors making for changes m the virus and 
in the rabbits Myxomatosis provides an unusual 
opportunity to study and compare the evolution of a 
host—parasite relationship in the contrasting environ- 
ments of countries at opposite ends of the Earth 
1 Fenner, F , and Marshall, I D,J Hyg, Camb, 55, 149 (1957) 
Andrewes, C H ,Muirhead-Thomson, R C ,and Stevenson, J P, 
ibid. , 54, 478 (1956) 
* Hudson, J R , Thompson, Harry Y , and Mansi, W , Nature, 176, 
783 (1955) 
"Mansi, W , and Thomas, Valerie, J Comp Path , 68, 188 (1958) 
‘Fenner, F, Poole, W E, Marshall, I D, and Dyce, A L, J 
Hyg , Camb , 55, 192 (1957) 
‘Marshall, Y D , and Fenner, F, J Hyg , Camb , 56, 288 (1958) 
* Fenner, F , Dru Med Bull, 15, 240 (1959) 
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INTERNATIONAL COUNCIL FOR THE EXPLORATION OF THE SEA 
SPECIAL INTERNATIONAL GEOPHYSICAL YEAR MEETING 


S part of the oceanographie programme for the 
4A X International Geophysical Year the onus of 
varrying out a Polar Front Survey m the North 
Atlantic Ocean was placed by the Comuté Spécial de 
PAnnée Géophysique Internationale (the body estab- 
hshed by the International Council of Scientific 
Unions for the planning of International Geophysical 
Year operations) on the International Council for the 


Exploration of the Sea with the help of the Inter- 
national Commussion for the Northwest Atlantic 
Fisheries A sub-commuttee of the International 
Council for the Exploration of the Sea under the 
chairmanship of Dr G Bohnecke (Federal Repubhe 
of Germany) co-ordmated the research plans of the 
different countries, and forty-six research and other 
ships of eleven nations took part m the survey At 
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a meeting held under the chairmanship of Dr J B 
Tart (Britan) at the Council’s headquarters in 
Copenhagen durmg October 1-3, 1959, 45 papers 
were presented dealing with the first results of the 
survey 

About sixty attended the meeting, and Mr A J 
Lee and Dr D EH Cushmg (Britam) acted as 
reporters 


Hydrography 


The hydrographical papers were given in groups, 
according to geographical regions 

Barents Sea The paper by Prof I Hela (Finland) 
described Finnish. work at the beginning of the Inter- 
national Geophysical Year Various sections were 
worked and can be compared with those of the German 
research ship Poseidon m 1927 The temperature 
and salinity of the Atlantic water penetrating the 
Barents Sea were higher m 1957 than m 1927 An 
increase in salinity of 0 04 per mille on the standard 
values of all the basic water massos was observed , 
surface temperatures and sahnities were higher than 
the average values given m the atlas by Dr Krauss 
Mr A J Lee showed that the volume trans- 
port of the West Spitsbergen Current was below 
normal takmg the International Geophysical Year 
as a whole, and that temperatures m tho south-eastern 
Barents Sea were subnormal He related this state 
to the abnormally strong development of the Polar 
high-pressure system snd the southward displace- 
ment of the atmospheric Arctic Front Norwegian 
work in the area during various seasons was described 
m & paper by Mr L Midttun (Norway) which was 
read by title. 

In the first of two papers on the chemistry of 
Barents Sea water, Dr S  Gnpenberg (Finland) 
found that the alkalmity/chlormity ratio was higher 
in the Norwegian coastal water than m the Atlantic 
water or the East Sprtsbergen Current, but that the 
reverse apphed when the boron/chlorimity ratio was 
considered this implies that most of the boric acid 
1s bound up in orgame complexes In the second 
paper, Dr A Voipio (Fimland) showed that different 
methods of analysis gave different results for the 
total 10dime content of sea water and demonstrated 
how little we know about the 1odme content of sea 
water 

Greenland and Norwegian Seas Drs T I Gorsh- 
kova and E V Solyankin (USSR) showed that 
the deposits on the sea-bed, by differmg m ther 


chemical composition, particularly in ther con-- 


tent of carbonates and of won and manganese 
oxides, are indicators of the hydrographic con- 
ditions prevailing ın the basins of these two seas 
Dr J N Carruthers (Britam) pomted out the pioneer 
use by Otto Pettersson of this technique In a paper 
‘read by title, Dr G N Zaitsev et al (USSR) 
have computed the water and heat budget of these 
seas When the various components are summed, 
the difference between the heat mput and output 
amounts to only 0 4 per cent The authors then pro- 
ceed to show the relative 1mportance of these different 
components 1n different parts of the seas * advection 
of heat by currents ıs found to be the most important 
Finally, they have computed the nutrient salt budget 
Dr A P Alekseev e£ al (US S R ) described Russian 
hydrographie work in the southern part of the 
Norwegian Sea m 1958 In Apri the East Iceland 
Arctic Current was strong, blocking the inflow of 
Atlantic water to below average im October the 
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inflow was intensified The waters near the bottom 
in this area were found to have a salmity of 34 87-- 
34 88 per mille and the authors assumed that they 
are related to the East Iceland Arctic Current and 
flow from west to east It was pomted out by Mr O 
Sælen (Norway) that these salinity values are lower 
than the standard values for Norwegian Sea bottom 
water Dr J B Tart (Britam) pomted out that the 
water might have been Arctic Intermediate Water 
In reply to a question, Prof J V  Preobragenski 
(U SS RR) said that the salinities had been determmed 
by the Knudsen titration method At this stage 
Prof G Dretrich (Federal Republic of Germany) 
stressed that the results collected durmg the Polar 
Front Survey should be sent to the International 
Council for the Exploration of the Sea as well as 
World Date Centres A and B Mr Selen described 
Norwegian work in the same area in 1958, m March 
and October an intensification of the mflow of 
Atlantic water m the latter month was noted, as 
had been reported by the Russian workers <A 
special feature observed was the ascent of cold water 
along the contmental slope off Norway. Finally, 
Dr J Eggvm (Norway) presented a series of tem- 
perature, salmity and current charts for the Nor- 
wegian and Greenland Seas, and showed how the 
Norwegian Sea bottom water 1s formed in the region 
north of the Jan Mayen Ridge m some years and 
not in others, depending on the meteorological con- 
ditions, and how this bottom water flows southwards 
from the Greenland Sea along the foot of the Nor- 
wegian continental slope towards the Faroe-Iceland 
Ridge It was further shown that the temperature of 
the bottom water of the Greenland Sea mereased m 
temperature northwards from the mam area where i$ 
i8 formed This temperature merease is a result of 
mixing with Atlantic water The positive difference 
between the temperature of the bottom water of the 
Arctic Ocean and that of the Greenland Sea can 
therefore be explained without, as previously, assum- 
ing a submarine ridge (1,200-1,500 m) between 
Sprtsbergen and the north-eastern part of Greenland 
This is of interest m view of the recent work of Dr. 
L Balakshn (OSSR), who by mvestigations on 
board ice-breakers has shown that the sill depth 
between the Greenland Sea and the Arctic Ocean 
exceeds 3,000 m In discussion of this paper it was 
pomted out that the smkmg of water to form the 
bottom water might set up a system of compensatory 
surface currents which would be of importance to 
the Barents Sea fisheries 

Shetland~Faroe-Iceland Repon Dr J B Tat 
and Mr J H A Martm (Britam) had computed 
the volume trarisport through the Faroe-Shetland 
Channel over the period of the International 
Geophysical Year and found it to be high at the 
beginning and end but low at other times Gulf 
of Gibraltar water seems to have been present 
m the oceanic water-mass in June 1957 and June 
1958 In June 1957 the mflow was cut mto two parts. 
by Arctic Intermediate Water which was moving 
southwards, and m June 1958 ıt was similarly divided. 
by a southerly flow of Norwegian Sea water Over- 
spill of cold Norwegian Sea water was noted along 
the Faroe-Iceland Ridge :n June 1957 and March 
1958 but not at other times 

On the basis of surveys made along the Faroe~Ice- 
land Ridge durmg 1957-58, Dr J H Steele (Britain) 
had come to the conclusion that overflow of very 
cold (0-2? O) water is rare and unmportant, bub 
that there ıs continuous overflow of a shghtly warmer 
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(2-4? C ) water which is the product of mxng of 
water masses of Atlantic and Arctic types on the 
top of the ridge ‘This overflow has a geostiophic 
motion north-westwards along the southern side of 
the ndge, and ıt then turns southwards along the 
eastern side of the Reykjanes Ridge The total flow 
over the ridge ıs calculated as being near the mean 
value of the Faroe-Shetland inflow A discussion 
of this paper by Prof Dietrich showed that, on about 
50 per cent of the surveys of the ridge, overflow of 
cold (0-2? C) water has been found The relative 
importance of overflow directly across the mdge 
and outflow through the channel between Faroe 
and Faroe Bank was debated by Dr Tait, Mr F 
Hermann (Denmark) and Dr Carruthers 

North Atlantec Ocean Piof Dietrich described 
various stages in the evolution of the International 
Geophysical Year and considered the next stage 
the explortation of the observations He suggested 
the preparation of an atlas of maps and sections of 
the North Atlantic Using German observations, he 
demonstrated the existence of six water masses on 
the Cape Farewell-Flemish Cap section In particular, 
he exammed the origm of the North Atlantic deep 
water in the Labrador Basin and the overflow of cold 
water across the Iceland-Greenland Ridge, and showed 
how the latter could be tracked over a great distance 
clingmg to the lower part of the continental slope and 
not flowmg along the very bottom of the basm He 
also showed how the winter surface isotherms are a 
guide to the errculation of the North Atlantic m that 
season. 

A paper was given by Dr W Krauss (Federal 
Republic of Germany) showmg that mternal waves 
can be set up m the deep layers of the ocean as 
well as m the upper layers by the action of the 
wind 

From dissolved oxygen/potential temperature dia- 
grams, Dr L H N Cooper (Britain) concluded that 
the water column in the Bay of Biscay consists of a 
layered series of resident water masses resembling 
a pile of plates stacked one on the other He regarded 
these plates as bemg the result of the overspill of 
boluses of cold water across the Faroe-Iceland Ridge 
He also demonstrated a secular change m dissolved 
oxygen content sime 1922 It was pointed out by 
Prof Dietrich that the stepwise structure described 
could also be explamed by Dr Cooper’s earlier 
turbidity current theory, and that this structure 
had not been as yet found in other areas where very 
detailed hydrographic observations had been made 
(for example, south-west of Iceland) The dating of 
the chmatic fluctuation which had brought about 
the secular change in dissolved oxygen content was 
discussed by Mr Lee and Dr Cooper 

French observations in the North Atlantic and 
Davis Strait were described by M G Peluchon 
(France) Charts of the currents in the region of 
50°N showed the meandermg of the current as 1t 
leaves the Giand Banks area and a decrease in the 
meanders as the current proceeds eastwards 

Dr J Joseph (Federal Republic of Germany) 
deseribed his work with a transparency meter com- 
bmed with a thermocouple Tho turbidity distribu- 
tion depends on local production on one hand and 
advective processes and turbulence on the other 
Connexions between. the turbidity sections and the 
temperature sections could be seen He also showed 
that there ıs no change in turbidity at the deep 
seattermg layer In discussion a strong case was 
made for fish as being the cause of this layer 
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Dr H Weidemann (Federal Republic of Germany) 
described work with towed electrodes (GEK) between 
Greenland and Iceland At a fixed station south of 
Iceland the records collected ove: a period of 30 hr 
allowed the relation between wind and surface current 
to be investigated The results gave a mean deflexion 
of current to the right of the wind of 27° and a 
current/wind ratio of 1 4-1 5 per cent The difference 
between these values and Ekman’s theoretical values 
can be explained by assummg that conditions were 
non-stationary 

Mr F Hermann described Danish observations in 
the North Atlantic in July-August 1958 West of 
the Reykjanes Ridge the basin was largely filled with 
sub-arctic mixed water, as already described by 
Prof Dietrich Cold water commg over the Iceland— 
Greenland Ridge was again found on the bottom in 
the western part of the Irnunger Sea East of the 
Reykjanes Ridge a bottom layer with a temperature 
below 3°C was found, consistmg of mixed water 
derived partly from overflow across the Faroe-Iceland 
Ridge, partly from Atlantic water and partly from 
Sub-aictie water This water circulated anti-clockwise 
around the basin and crossed the Reykjanes Ridge 
to flow north on its westward side and mix with 
the overflow across the Iceland—Greenland Ridge 
In the Davis Strait water which had overflowed the 
Greenland-Baffin Island Ridge but which does not 
contribute to the North Atlantic circulation as a 
whole was detected 

Dr R A Cox (Britam) gave an account of the 
work of RRS Discovery II A section showmg the 
distribution of siheate along lat 24? N had three 
outstanding features the depletion of silicate but 
not of phosphate at the surface m the Sargasso Sea , 
the high silicate content of the bottom water of 
Antarctic origin west of the mid-Atlantic Ridge , 
and the very mregular bottom topography Work 
with Swallow’s neutrally buoyant floats west of 
Portugal showed how even m the deep ocean there 
are great variations m current speed and direction 
The outflow of Mediterranean water from the Strarts 
of Gibraltar had also been tracked by these floats, 
and it was shown that a westwaid movement of 
12 nautical miles/day could exist close to the Spanish 
coast, but that farther south there were large eddies 
Dr Cooper pointed out that the suicate distribution 
along lat 24° N showed that Antarctic bottom water 
must make a contribution to the bottom waters east 
of the mid-Atlantic Ridge, and Prof T Braarud 
(Norway) did not think that the silicate deficiency 
prevented phytoplankton production m the Sargasso 
Sea The phosphate budget of the Mediterranean Sea 
was discussed by several speakers Mr Selon then 
described Norwegian work carried out m collaboration 
with RRS Discovery II west of Portugal Current 
measurements from an anchored ship allowed the 
tidal streams to be analysed , they were present to 
the bottom (760 m) and showed no decrease m 
velocity with depth, but there were indications of 
some differences in the direction of rotation Tho 
residual current, however, decreased with depth 

Prof N Menendez (Spain) gave an account of 
temperature and salmity conditions along the meridian 
of Tarifa m August 1958 Sections were worked at 
different states of the tide and the distributions 
found could only be explamed in terms of changm 
mixing conditions depending on the strength of the 
tidal streams 

Mr L V Worthington and Mr W G Metcalf 
(U S A ) examined the salimty/potential temperature 


VoL 184 


October 17, 1959 


relationship in the North Atlantic deep water using 
the very precise salmity data that have now become 
available with the development of conductimetric 
techniques A salimty/potential temperature curve 
for the western North Atlantic below the 4°C 
potential isotherm has been established and its shape 
accounted for m terms of water masses Departures 
from this curve in different parts of the Atlantic 
can be used as indicators of water movement The 
outstanding features shown by this form of analysis 
were the formation of the newest Atlantic deep water 
in the Labrador Basm, the part played by the 
South-East Newfoundland Ridge in preventing the 
Antarctic bottom water from reaching the Labrador 
Basin, the water of the Norwegian Sea ongm on 
the eastern slope of the mid-Atlantic Ridge, the 
outflow and spreading of Mediterianean water, and 
the fact that the western basin of the South Atlantic 
is the source of the deep cold water found in the 
rest of the Atlantic, communication to the eastern 
basin being through the Romanche Trench 

A paper by Mr J R Lumby (USA) read by 
Dr Tat showed that there were large differences 
m the dissolved oxygen values at comparable stations 
worked by American, British and Russian ships 
durmg the International Geophysical Year Mr 
Worthington said that such differences could depend 
to some extent on the type of water-bottle used, 
and on the method of standardization of the 
sodium thiosulphate solution used for titiatmg the 
samples 

Bali and North Seas In a paper on the southein 
Baltic Sea, Dr A Majewski (Poland) showed that 
the mflow of oceanic water had decreased since 
1951-52 and that, at the end of 1958, the salinity 
in the Baltic basms had reached :ts lowest level 
since 1952 The year 1958 had been a cold one so 
far as the Baltic was concerned | Similarly, m a paper 
on the North Sea by Dr J Fiarski (Poland), read 
by title, the wmter and sprmg of 1958 were shown 
to have been cold, but by the autumn of 1958 there 
were positive anomahes of temperature Dr V V 
Betin and Prof J V Preobragensk: (U S S RB ) sub- 
mitted a paper which was read by title on 1ce research 
im the Baltic durmg the International Geophysical 
Year Aurcraft were used to make synoptic surveys 
of ice conditions The curves of accumulated tem- 
perature, ice extension and ice accretion so produced 
were found to be related 
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Biology 


Piof E Steemann Nielsen (Denmark) presided 
over the biological session. 

Productwiy Three papers were presented The 
first was by Mr Grim Berge (Norway) on the pro- 
ductivity of the Norwegian Sea using, besides carbon- 
14 measurements, an estimate of productive capacity, 
deiived from measurements of transparency <A 
continuously recording transparency meter was 
descitbed It was shown that im 1958 the quantity 
of production as measured by ‘productive capacity’ 
was different fiom that in 1954 In reply to a question 
as to whether there was a correlation between pro- 
ductive capacity and standing stock, Mr Berge 
replied that there was, but that the relationship was 
different ın different water masses Prof Braarud 
commented on the maiked changes noticed from 
year to year and ther apparent relation to hydro- 
graphic processes 
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Mr Vagn Hansen and Piof E Steemann Nielsen 
described carbon-14 measurements and chlorophyll 
measurements in the North Atlantic and m the 
Greenland Sea Mr Hansen showed that from Cape 
Farewell to Ireland greate: counts of carbon-14 
were obtamed towards Greenland and above the 
Reykjanes Ridge This was associated with greater 
quantities of chlorophyll Prof Steemann Nielsen 
demonstrated the relationship between carbon-14 
counts and quantities of chlorophyll a, which was 
biased by the possible presence of dead chlorophyll 
Mr G Murphy (US A ) asked whether transparency 
might not be a better method of measurmg pro- 
ductivity if the constants on the equation were 
known Prof Steemann Nielsen rephed that this 
would be a good method m oceanic waters, but in 
coastal waters the quantity of morgame material 
was high Dr M Gullbricht (Federal Republic of 
Germany) pomted out that only one-third of the 
turbidity in the Irmmger Sea was due to plank- 
ton Mr Berge said that the quantity of moiganic 
particles ordinarily was constant and so the 
variations due to production differences could be 
estimated 

Bwphysws and Baochemastry Dr H Schaefer 
(Federal Republic of Germany) described the dis- 
tribution of amimo-acids m redfish (Sebastes) and cer- 
tam. other fish for a number of stations at sea It 
was shown. that the variation in relative composition. 
of ceitain ammo-acids was much greater than that 
which might have been expected from studies m. 
freshwate: fish Mr Murphy noted that a sumlar 
result had appeared in the work on the Californian. 
sardine 

Plankton Dr K F Wiborg (Norway) described 
the distribution of zooplankton ın the Norwegian 
Sea He noticed that the distribution of reverberation. 
on the echo-sounders at full gam corresponded fairly 
well with the distribution of euphausuds and fish fry 
The distiibution of copepodite stages bore some 
relation to hydrographical conditions In response 
to a question, Dr Wiborg said that smaller fish have 
smaller eggs and spawn later 

Ins E A Pawstiks and L N Giutzov (USSR) 
presented & paper on the distribution of plankton 
m the Norwegian Sea Ths distribution corre- 
sponded ieasonably well with that presented by 
Dr Wiborg 

Dr J HE Fraser (Britam) deseribed indicator 
species in the Faroe-Iceland Ridge region and from 
the presence or absence of certam long-hved animals 
concluded that the International Geophysical Year 
was not a normal year Mr Lee pomted out that 
durmg the first eight months of 1958 the Poler 
Front lay well to the south, presumably holding 
back the northward flow of Atlantic water 

Dr Gullbmcht gave a detailed account of the 
distribution of phytoplankton, zooplankton and 
organic particles on a section between Newfoundland 
and the Azores Counts were made fiom small water 
samples of 0 3 ml for phytoplankton and of 5 ml 
for zooplankton By converting all quantities to total 
carbon and compaiing these with phytoplankton, he 
was able to distinguish three wate: masses Prof 
Steemann Nielsen asked whether the orgamic particles 
were artefacts, because if the same technique 1s used, 
in Danish waters many organic particles were derived 
from the destruction of phytoplankton Dr H 
Einarsson (Iceland) noticed that the quantity 
of zooplankton collected with Hardy indicators 
in the Irmmger Sea was roughly similar to that 
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collected with a 5-ml water sample in the same 
area, 

Mr J Corlett (Britam) described the zooplankton 
collected at weather stations I and J and showed 
that the total quantities were greate: m 1958 than 
m 1957 Mr Hansen noticed that Evadne nordmannt 
had also been found in the Norwegian Sea. Dr 
Fraser said that Thaha democratwa found by the 
Plankton Expedition in 1888 off west Scottish coasts 
appeared for the fist time off west Scottish coasts 
m 1958 

Dr W Hohnek (Federal Republic of Germany) 
presented an interesting paper on the quantity and 
types of fungi m the sea and on the seg bed The 
majority of samples taken showed development of 
hyphe 

Eusherees Dr Eggvin piesented a paper by Mr 
L Midttun on echo-surveys im the Barents Sea In 
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general, there was a relationship between the dis- 
tribution of echo-traces and isotherms in the Barents 
Sea, 
Conclusions ‘There appeared to be two main 
conclusions from the biological papers 
(1) The International Geophysical Year differed 
in two respects from some other years, m indicator 
species and in quantity of hving material 
(2) Three advances m productivity studies were 
revealed (a) the use of transparency as an index 
of productivity under certam lumited conditions, 
(b) the fairly close relationship between standing stock 
(as chlorophyll) and productivity (as carbon-14 
count), (c) the use of very small samples of phyto- 
plenkton (0 3 ml) and zooplankton (5 ml) to give 
sensible estimates of carbon in hving material 
A J Lun 
D H Cusnine 
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EFFECTS OF FOREST AREAS ON WATER RESOURCES, 
AND THE TECHNIQUE OF LYSIMETRY 


ETWEEN September 8 and 13, two symposia 
were held in Germany by the International 

Association of Scientific Hydrology, at Hannoversch- 
Munden, where the Forestry School of the University 
of Gottingen is established 

One symposium concerned the mfluence of wooded 
areas on the elements of the water balance Thirty- 
five papers were presented, ten from the USSR, 
eight from the United States, four from Great 
Britain, two each from Finland and Poland and one 
each from the Belgian Congo, Czechoslovakia, Den- 
mark, French Africa, Germany, Holland, Hungary, 
South Africa and Switzerland 

The other symposium dealt with the technique of 
lysimetry and the causes of error m results obtamed 
There were seventeen papers, four from the United 
States, three from Holland, two each from the Belgian 
Congo, Germany and the U 8 8 R , and one each from 
Ausina, France, Hungary and Great Britain 

The papers were made available m printed 
form at the meeting and have smce been placed 
on sale by the Association” Most of them are 
written m English, and the few others m French or 
German 

The symposia were attended by more than a 
hundred hydrologists, from other countries as well 
as from those which contributed papers There was 
naturally a strong German representation, while both 
the United States and Great Brrtain had important 
teams It was regretted that, while the USSR 
had sent several valuable papers, their authors were 
not present to introduce them 

Below 1s given an appreciation of each of the two 
symposia and of a two-day visit paid afterwards to 
German field-stations concerned with one or other 
of the two subjects that had been discussed 

It 1s expected that the discussions of the papers 
will be reported briefly in the quarterly issues of 
the Association's Bulletin, the price of which ıs 
150 Belgian frances yearly 


* Publication No 48 (Vol 1. Water and Woodlands) Pp 340 
900 Belgian francs Publication No 49(Vol 2 Lysimeters) Pp 100 
150 Belgian francs Obtainable from Mr Arthur F Bird, 66 Chandos 
Place, London, W C 2, or the Secretary of the International Association 
of Scientific Hydrology, Prof L J Tison, 61 Rue des Ronces, Gent- 
brugge, Belgium 


Water and Woodlands 


In many countries, mereasmg concern with the 
provision and maintenance of adequate water supplies 
m the face of contmuously mereasmg demands has 
stimulated considerable interest m the ascientrfic 
management of this most vital of our natural 
resources With fuller appreciation of the 1mportance 
of form of land use 1n catchment areas, much attention 
has naturally been directed to the role of a forest 
cover Compared with other countries such as the 
United States and Germany, Britam is a rather late 
entrant into this field, but within recent years, the 
problem has come very much to the fore and there 
can be no doubt, especially m view of the recent 
drought, that we shall have to devote very much 
more attention to this important issue As else- 
where, differences of opinion exist as to whether, 
from the hydrological point of view, our catchments 
are better under forest than, say, under pasture The 
answer 1s by no means as clear-cut as some would 
make out, the hydiological relationships mvolved 
are most compheated and objective quantitative 
assessments beset with considerable practical diffi- 
culties It was therefore most timely that under 
the auspices of the International Association of 
Scientific Hydrology much of the expenence and 
present knowledge m this field could be surveyed 
and discussed 

Almost half the contributions were concerned with 
investigations on the catchment scale In prmeiple, 
these mvolve the measurement of precipitation and 
run-off (both surface and subsoil), normally by 
stream gauging, despite the substantial cost of 
mstallation and maintenance, and, very often, diffi- 
culties in ensuring absence of leaks and a reasonable 
standard of precision, this approach is still essential 
for the provision of the basic hydrological data 
appropriate to the problem as a whole As an 
alternative to the ‘straighiforward’ comparison, say, 
between forested and non-forested catchments, 
Idson (USSR) preferred continuous measurements 
on an area under the influence of a varying forest 
cover Because of the well-known difficulties in 
ensuring comparability between catchments, this 
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latter approach would generally seem to be the more 
reliable one, the regression techniques used by 
Idson and by Anderson and Hobba (USA), m 
which run-off is related to the various meteorological, 
soil or land-use factors which mfluence run-off, offer 
an approach which allows for a more complete 
interpretation of the complex relationships mvolved 

In those countries where snow forms an important 
source of water there was general agreement as to 
the beneficial mfluence of a forest cover, the data 
of Anderson and Hobba (U S A), Goodell (US A ), 
Martmelh (US A) and Sozykm (USSR) clearly 
showed that through accumulation and the shelter 
provided, the forest retards thawing, reduces the 
danger of spring floods and prolongs the supply of 
melt water The difficulties of measurmg snowfall 
and the need for further mvestigation were made 
clear m the papers of Martinelli (U S A ) and Sepannen 
(Finland) 

General recognition was also given to the higher 
permeability and greater storage capacities of soils 
developed under forest, Jeadmg to reduced surface 
run-off, less erosion and a more prolonged yield 
of water during drought Anderson and Hobba 
(USA), Valek (Czechoslovakia) and Banky (Hun- 
gary), among others, clearly demonstrated the 
regulatory effect of the forest on stream flow , Rodier 
(French West Africa) showed that flood peaks were 
8-12 tames lower from forest than from savannah, 
and the importance of this effect was recognized by 
Wicht m his published recommendations for the 
management of catchment areas im South Africa 

So far as absolute quantities were concerned, most 
contributors were prepared to accept a somewhat 
lower yield from a forested area as compared with 
areas under other vegetative covers Meginnis 
(US A ) provided one of the more extreme examples 
from the classical Coweeta expermnents m North 
Carohna, where clear cutting of mountain hardwood 
forest mcreased the annual yield by 11-17 m and 
cutting of the shrubby understory by 2 m To 
conserve water m the south-western United States, 
Horton recommended the clearance of phreatophytes 
(vegetation with permanent access to ground water) 
along streams and rivers Whue such losses from 
forest stands were generally attributed to higher 
levels of transpiration, usually because of deeper 
rooting and access to water durmg dry periods, some 
would attempt to explam at least some of the losses 
to mterception of precipitation by the fohage Thus, 
Eadmann (Germany) stated that because ıt mtercepts 
appreciably less ramfall, a beech forest conserves 
more water than a spruce forest The implied assump- 
tion that intereepted water means a corresponding 
loss to the soi was contested by Leyton and Carlisle 
(Great Britam), who produced experimental evidence 
indicating, as might be expected, a marked fall m 
transpiration following wetting of the fohage , atten- 
tion was also directed to the possibility of rather large 
errors ın the estimation of through-fall in a stand 
using a hmited number of gauges, and the increase 
m accuracy obtamable when these were replaced by 
troughs with larger collecting areas The papers of 
Bochkov and certain other Russian contributors pro- 
vided an mteresting contrast to the generally prevail- 
mg opinion that a forest cover means a lower yield 
of water These authors argued that, because of 
deep ground-water movement m forest souls, the 
gauging of small streams draimung small catchments 
may under-estimate the yield and that over large 
areas, m certam cases at least, yield from the forest 
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may be even higher than that from open land. Sokolov- 
sky (USSR) also claimed that an mereased water 
logs from forest by transpiration may be balanced 
by reduced evaporation from the soul It is possible, 
therefore, that even in the case of water yield, final 
Judgment on the effect of a forest cover may have 
to be postponed, from the pomt of view of energy 
relations, at least, one would not expect large dif- 
ferences ın the loss of water from different types of 
vegetative cover 

A number of contributors described other means of 
investigating quantitatively the hydrological rela- 
tions of a site Visser (Holland) explained his soil 
moisture flow approach, which provides an estimate 
of the water balance from measurements of rainfall, 
potential evaporation and the ground-water level m 
the soi and in ditches, Lebedev (USSR) also 
provided an interesting analysis of ground-water 
dynamics under forest and grass covers From 
measurements of water loss from detached shoots of 
Scots pine, Rutter (Great Britain) gave evidence of 
transpiration values apparently exceeding Penman’s 
estimate of Hp (potential evaporation fiom grass), 
this, combined with his obseivations that the trees 
contimued transpirmg even down to a soil moisture 
deficit of 7 m or more, introduces still further 
problems m our mterpretation of forest hydrological 
relationships As yet another approach to the estima- 
tion of water losses from forest stands, Leyton (Great 
Britam) discussed the possibilty of measurmg the 
volume rate of sap flow m tree stems by the heat- 
pulse method ongmally mtroduced by Huber It 
was repretted that, apart from a few words m dis- 
cussion by Baumgartner (Germany), there was no 
opportunity to learn of the present status regarding 
the energy-balance approach 

In summarizmg one's general reaction to the 
papers reported above and to the subsequent dis- 
cussions, one cannot but be impressed. by the mag- 
nitude of the efforts made to gain a better understand- 
ing of the hydrological relationships of the forest 
At the same time 15 18 evident that much still remains 
to be done So many aspects have to be considered 
and so many factors are involved that it 1s usually 
not possible to extrapolate findings from one area 
to another, m ths respect the use of regression 
analysis to define certam underlying relationships 
has a very promising future It ıs also clear that 
most countries do not look at the forest simply as a 
potential dram on water supplies, to be avoided 
wherever possible As H C Storey, director of the 
U S Forest Service Division of Watershed Management 
Research, pomted out, the emphasis must be on the 
multiple use of the forest , Lambor (Poland) echoed 
the same theme in his recommendations for a water 
economy plan based on the proper appreciation of 
the comprehensive role of a forest cover 

Following the symposium, an excursion was made 
to various forest catchment experiments in the area 
Eidmann (Dusseldorf) demonstrated two of his 
seven stream-gauge installations set up im small 
catchments to mvestigate the mfluence of various 
types of forest cover and of forest practice, primarily 
on water yield , at Lahnhof, beech and spruce forest 
are bemg compared and at Helgersdorf, coppice and 
high forest The Ruhrtalsperrenverem, the organiza- 
tion largely responsible for supplying water to the 
Ruhr industries, has nine similar installations, two of 
which, on the Runkhauserbach (99 per cent forest) 
and the Konigswasser (97 per cent arable), were also 
inspected 
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Coming from a countiy with similar water problems, 
but without a smgle catchment experiment designed 
specifically to investigate forest influences, one 18 
greatly rmpressed by the enthusiasm with which these 
problems are being tackled in Germany It is not 
difficult to criticize many of these installations, 
precipitation measurements, stream-gauge design, the 
possibihty of leaks and questionable comparability 
of catchments, all raise problems which could readily 
mtimidate the ultra-cautious particularly in view 
of the costs involved Nevertheless, with the example 
set by the Americans, Germans and other nationals, 
and with access to their knowledge and experience, 
can we m Britam afford not to set up simular experi- 
ments of our own ? L LEYTON 


Lysimeters 


A lysimeter ıs an apparatus used for measuimg 
the quantity or quality of wate: which has percolated 
through a eontamer which 18 filled with soul or similar 
maternal It 1s easy to see that, within such a defini- 
tion, lysimeters can be used for such a variety of 
specific purposes that each installation must be 
considered. on ıts own merits , an evei-present danger 
1s to interpret what 1s measured by means of the 
lysimeter as bemg representative of any conditions 
other than those obtamung m the lysimeter itself 

Lysimeters are commonly installed to throw hght 
on what happens m the field, where many different 
factors affect the amount of percolated water The 
position is essentially simular to that encountered in 
measuring temperature, rainfall and other meteoro- 
logical factors, where, however, arbitrary standards 
of measurement have been accepted for purposes of 
makmg comparisons between values obtamed at 
different sites So far, standard conditions have not 
been accepted for lysumeter mstallations and readings, 
and indeed comparatively few suggestions have been 
put forward for standardization of observations 

It 1s thus not surprismg that several of the papers 
read at the symposium described lysımeters which 
could throw some hght on what happened, with the 
passage of time, only in particular circumstances 
Various ingenious and, in some cases, expensive 
installations have been set up, m which care has 
been taken to avoid such things as disturbance of 
the natural soi profile, or of the homogeneity of the 
vegetation cover But m almost none were there 
lacking unmeasured variables which, even though m 
some cases a correlation with adjomuing field conditions 
could satisfactorily be established, allowed of any 
trustworthy comparison between one site and another 

W C Visser, of the Netherlands, was one of those 
who read papers pomtmg out that conditions in a 
lysimeter are essentially artificial, and that the 
factors mtroduced by this artificiality need to be 
measured or eliminated Visser particularly recom- 
mended water-flow potential measurements m the 
field to ‘calibiate’ the lysimeter measurements, this 
involves measuring ground-water depth, tension in 
the capillary zone, tensions in the plants, and vapour 
pressures m the ar K Ubell, of Hungary, placed 
emphasis on the need to have constant records of 
the temperature gradients m the field and m the 
lysumneter Harrold and Drerbelbis, 1n deseribing some 
of the work at the well-known installations at 
Coshocton, Ohio, showed themselves vividly aware 
of difficulties, which have failed to be understood 
by some who have quoted the Coshocton results too 
uneritically 
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Lysimeters can broadly be divided into those 
measuring volume and those measurmg weight 
There ıs much to be said for the latter, because not 
only do they help to overcome the problem of changes 
in the amount of water stored ım the lysumeter, but 
they also enable changes to be recorded as continu- 
ously as 1s desned , lysuneters workmg on volumes 
of outflow water necessarily have by contrast a much 
more considerable timoe-lag Several speakers, how- 
ever, pomted out that weighing lysimeters were not 
the complete answer which some had meautiously 
considered them to be, for example, one 1s not 
sure whether what 1s bemg weighed at one season 1s 
strictly comparable to that being weighed at another 
time of the year 

E J Winter (Great Britain) read a jomt paper 
by P J Salter, G Stanhill and himself describmg 
the installations at the National Vegetable Research 
Station in Warwickshire Besides directing attention 
to some interesting and significant results which need 
further investigation, he stressed that much satis- 
factory and adequate practical advice can now be 
given to growers, even though more reseaich 1s 
needed to elucidate the mechanisms of, and varia- 
tions in, the water balance 

G F Makkmk, in describmg the various mstalla- 
tions m the Netherlands, made the followmg useful 
summary remark “It ıs considered the final aim 
of lysimeter research to gam an insight mto the water 
balance of any natural soi-profile as a function of 
chmate, vegetation and movement of the ground 
water This arm widely surpasses the lmnited scope 
of the lysmeter observation of the separate institu- 
tions who own them" The recognition of this has 
led to appreciable progress in the Netherlands in 
co-ordmatmg results 

Several speakers, particulaly G L  Dupuez 
(Belgian Congo) and F H W Green (Great Britam), 
emphasized the value of first obtammg observations 
of potential evapo-transpiration, under ‘standard’ 
conditions, at a network of stations Cheap oil-drum 
lysmneters were found to be quite adequate for this 
purpose, if both sited and handled under comparable 
conditions Green pomted out that, by simple sub- 
traction, one could get reasonably reliable values of 
the seasonal differences m ‘water deficit’ and ‘water 
surplus’ from station to station, even where the 
absolute values of potential evapo-transpiration and 
of rainfall were open to doubt In this connexion, 
several speakers emphasızed the difference between 
the rainfall measured ın rain-gauges at the standard 
height and that fallmg on the ground In both 
Britain and Germany this seemed to be of the order 
of rather more than 5 per cent , ground-level gauges are 
therefore mstalled at most German lysimeter stations 

One of two week-end excursions at the end of the 
symposium was devoted primarily to visitmg lysi- 
meter installations The first of these visited was 
in the Senne heathlands, near Bielefeld, and was 
operated in connexion with the water undertaking 
of that town It consisted of four weighing lysimeters, 
one metre square cross-section, filled (m three cases) 
with ‘monolith’ blocks from three different soil profiles 
found m the area (the fourth was a ‘disturbed’ block 
from one of the areas) None of these lysimeters 
was irrigated, so that, particularly m a dry year like 
1959, the lysimeters could supply facts but not 
explanations 

The second place visited was to an mgenious forest 
installation at Bossendorf, near Haltern, m West- 
phaha Here, m addition to a more orthodox 
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lysmneter m an adjommg arable field, were two 
batteries of four lysimeters each, one under a stand 
of conifers and one, under a stand of broad-leaved 
trees These had been made by pressing large ramm- 
gauge-shaped lysrmeters upwards mto the soil under 
the trees, from & horizontal gallery, pamstakmgly 
excavated to avoid disturbance of the natural 
conditions The am was lmuted to measurmg 
differences 1n rates of recharge of soil-water, but they 
have not been operating long enough for the results 
to be assessed 

The third visit was to the installation of the 
Dortmund Waterworks at Geisecke on the Ruhr 
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Here there are batteries of (a) volume lysimeters, 
and (b) weighmg lysimeters, filled with different 
materials and with different vogetation covers 
Although undoubtedly useful information ıs obtained, 
the results from type (a) might be queried in view 
of the very large amount of bare concrete surrounding 
the tanks, while ın both types (a) and (b) reasonable 
homogeneity with the surrounding vegetation was 
achieved only in certain of the tanks In fact, the 
series of records from each of these lysrmeters, as at 
some other mstallations, could be considered only 
separately, and not safely compared with those from 
any of the others F.W Green 


OBITUARIES 


Prof. H. J. Backer 


HILMAR JOHANNES BACKER was born at Dordrecht 
on January 13, 1882, and died at Glummen, near 
Gronmgen, on April 20, 1959 He was & pupil at the 
Gymnasium m Dordrecht and studied at the Univer- 
sity of Leyden under Franchimont in chemistry and 
H A Lorentz ın physics His doctoral thesis was 
entitled “Do Nitrammen en hunne Electro-chemische 
Reductie" He also worked with Elbs at Giessen on 
the technique of electrochemical reduction and later 
m the Davy Faraday Laboratories at the Royal 
Institution m London After two to three years on 
the staff at Leyden and a suniar period m mdustry 
and in Government service, he was called to the chair 
of organic chemistry at Gronmgen m 1916 as suc- 
cessor to J F Eykman Hos colleague, Dr J Strating, 
said that Backer soon showed his capacity for hard 
work, for concentration and for utihzing every free 
moment, and yot it seemed that the passage of years 
only mereased his broad humanity 

A survey of his researches (1905-55) reveals an 
increasing occupation with compounds contamung the 
—SO,— group This can be correlated with the early 
work of Franchimont on «-sulphopropionice acid 
which Backer and Franchimont resolved in 1914 
by means of strychnine Backer then prepared and 
resolved «-chloro- and a«-bromo-sulphoacetic acids, 
e-seleninopropionie acid, ¢-sulphobutyric acid, several 

_g-arsenocarboxyle acids and also chlorobromoacetic 
acid 

About 1930 he began a study with Stratmg of the 
unsaturated cyclic sulphones formed from sulphur 
dioxide and butadienes The close relation of these 
compounds to the thiophens led to a study of the 
oxidation of thiophen homologues m the hope of 
obtamung the correspondmg sulphones Thiophen 
itself, on oxidation, gives a 'sesquioxide', presumably 
formed by 1 4-addition between the unstable sul- 
phoxide and sulphone of thiophen It was found 
that certam dialkyl- and diphenyl-thiophens gave sul- 
phones on oxidation, tetiaphenylthiophen had long 
been known to do so This was attributed to the 
presence of the substituents which increased the 
electron availability on the sulphur atom In some 
cases a sesquioxide was formed On the other hand, 
electron-attractng groups in the benzene nucleus 
of 3-4-diphenylthiophen mhibited sulphone forma- 

on 
ie In 1952 Backer began to study 1menes of the type 
(R S0,, C=C=NR’, which are very reactive Three 


of these have recently been submitted to X-ray 
analysis by Wheatley, Bullough and Daly m Leeds 
with very interesting results 

At the begmning of the occupation of the Nether- 
lands m 1940, Backer gave much help and advice to 
his students, whose whole world had suddenly fallen 
to pieces He kept m touch with all those who were 
forcibly deported to Germany, sent them parcels and 
encouraged and advised ther parents. When J 
visited Backer in 1947, he ieferred only briefly to 
his rmprisonment m 1945 and said nothmg of the 
physical violence which he endured durmg mter- 
rogation The other occupant of his cell was shot 
The hberation of Groningen probably saved Backer 
from the same fate 

Later on, two of my research students visited 
Groningen at Backer's invitation, lived m his house 
for some weeks and worked m his Department Dr 
A Ash wrote “It was his habit to have students 
lodgmg with him and he hked nothmg better than 
for students to call in the evenimg for a short talk; 
help or advice were gladly grven He interested 
himself also in ther social hfe He methodically 
inquired of his students’ progress every morning and 
imparted an impressive practical technique par- 
ticularly rich m devices for facilitating manipulation 
of small quantities” Dr A G Lowther has said 
“One’s immediate impression on meeting him was 
that here was a man who demanded one’s respect 
and affection This was not only a first mpression— 
it was there among his students—they had a real 
affection, almost love, for Prof Backer He never 
appeared to be hurried, was most courteous and had 
a quiet, but real, sense of humour I never heard 
one word of criticism of hmm there was a 
serenity about him and his house” 

Dr Stratmg wrote ‘Nothing could prevent him 
from helpmg a friend or a student who was m need, 
and this, no doubt, led to his arrest”? Backer was a 
knight of the Order of the Netherlands Lion, a 
member of the Royal Academy of Scences in 
Amsterdam, a correspondent of the Paris Academy 
of Sciences and an honorary member of the Solvay 
Institute m Brussels He received honorary doctorates 
from the Universities of Ghent and Lille 

When those who knew him recall Backer’s achieve- 
ments as a man and as a chemist, his great capacity 
for friendship and for hard work, his fearlessness and 
Ins quiet mund, they feel that he went far towards 
solving happily the eternal problem, s? jeunesse savant, 
8 viewlesse pouvaat FREDERIOK CHALLENGER 
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Prof E. S. Salmon 


AFTER a long illness, Prof Ernest Stanley Salmon 
died on October 12 at the age of exghty-eight 

Anyone unfamiliar with mycology might be par- 
doned for thinking that his reputation rested on the 
breeding of new varieties of the hop (Humulus 
lupulus L) Yet when he came to Wye College 
(University of London) m 1906, he had already 
established himself as the authority on an important 
group of fungi Researches at the Jodrell Laboratory, 
Kew, had led to the publication, m 1900, of “A 
Monograph of the Erysiphaceae", a work which 
remains fundamental for systematic mycology and 
which was reproduced as mucrocards only a few 
months ago After futher study m the laboratory of 
Prof Marshall Ward at Cambridge, he demonstrated 
the very highly developed specialization of parasitism 
in the same group, accounts of this may be found 
in the Transactions of the Royal Socwty, 1904 and 
1905 

Salmon was appointed to Wye College to study 
diseases of plants and so was probably the first pro- 
fessional plant pathologist m Britain There were 
then few helpful text-books, but :t was not long 
before he had combined laboratory work and field 
experiments to good purpose His first papers, which 
may even now be read with profit, describe m some 
detail a selection of the diseases of crop plants, the 
main emphasis bemg on apple scab (Venturia in- 
aequalis (Cooke) Wint ) and other pathogens of fruit 
Bordeaux mixture and hme sulphur, fungicides which 
are still m use, were mtroduced to Kentish orchards, 
while he conducted a vigorous campaign in the Press 
and elsewhere which led to the passing of the 
Destructive Insects and Pests Act m 1907 

He was elected president of the British Mycological 
Society m 1911, appomted reader m economic 
mycology in the University of London m 1912, pro- 
fessor of mycology in 1925 and emeritus professor m 
1989 He was made Fellow of Wye College m 1948 

When, soon afte: the First Wold War, the 
specialist advisory service m Britam began, he was 
appointed advisory mycologist of the Wye Province 
Until he relinquished this appomtment m. 1937, he 
led a series of investigations on diverse plant diseases 
Particularly noteworthy are the contributions on 
fruit and hops with which are associated his col- 
leagues, Drs H. Wormald and W M Ware 

Salmon arranged a programme of hop breeding ın 
1907 and followed this without a break until his last 
ulness From the begmning, one of his mam ais 
was to produce varieties with exceptionally high 
preservative values , such varieties would enable the 
British grower to compete with umported American 
hops In order to have at command a wide 1ange of 
diverse types, he assembled male and female plants 
from different parts of the world, this unique col- 
lection, together with selected progeny, for long 
oceupied about an acre of ground at Wye College 
Of the many thousands of seedlings 1a1sed, his earliest 
success was the English-grown American, Brewer's 
Gold This was Fl from an Enghsh male hop and 
a wild hop from Morden, Manitoba Paradoxically, 
the variety has been more widely grown m Canada 
and the United States than m Britam The varieties 
Bullion and Northern Brewer which have become so 
popular with the Biitish hop industry durmg the 
past decade are F1 and F3 seedlings, respectively, of 
parents from the same sources Other seedlings of 
his’ raismg proved to be tolerant to hop wilt (Verte- 
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cillum albo-atrum Remke and Beith) and these 
have been of great value for planting m mfected soil 
In recognition of his work on hops he received in 
1955 the Horace Brown Medal, the highest honour 
which the Institute of Brewmg can bestow 
After the manner of the pioneer, Salmon was a 
strong mdividuahst and, in his later years at least, 
showed little enthusiasm for gathermgs, whether 
scientific or social He found relaxation m literature 
and in his small garden of rare plants 
H H Guasscock 


Prof J Zenneck 


Pror JONATHAN ZENNECK, one of the earliest 
pioneers of radio science, died m Munich in April, a 
few days before his eighty-eighth birthday Prof 
Zenneck was born in 1871 m Wurttemberg, Germany, 
and studied mathematics and natural science at 
Tubimgen, where he obtamed his doctorate in 1894 
In the followmg year he became an assistant m 
the Physical Institute m Strasburg, he moved to 
Dantzig m 1905 to become assistant professor, and 
later (1911) professor of physics m the Institute of 
Technology His academic career was continued by 
his appointment im 1913 to the chair of physics at 
the Technical High School of Munich, where he 
remained until his retirement 

Most of the basic contributions of Prof Zenneck 
were made in the days when spark transmitters were 
used for wireless telegraphy, concurrently with the 
development of high-frequency machmes and arc 
generators to produce undamped oscillations for 
radio-telephony Among the earliest of his achieve- 
ments was the establishment of the first radio-hnk 
for navigational purposes between Cuxhaven and 
Helgoland in 1899-1900 , His basic expermental 
and theoretical contributions to wave propaga- 
tion were of great importance in the early develop- 
ment of wireless communications He expounded 
the first theory on wave propagation along the Earth 
(Zenneck wave) which explamed the effect of the 
ground constants on polarization and absorption of 
the waves Also well known are his basic contribu- 
tions to ionospheric research, which he mitiated m 
Germany, and he was the founder of the first 
German ionospheric research station, Herzogstand, 
m Kochel, Bavaria, which was in operation until 
1945 

Dr Zenneck's interests were not limited to radio 
He also contiibuted to other areas m the general 
field of applied physics such as acoustics and gas 
discharges He was the author of the first German 
text-book on wireless telegraphy, “Electromagnetic 
Oscillations and Wireless Telegraphy”’, published in 
1906, which was the classic work m this field for 
many years He was also the editor of the Hoch- 
frequenztechnak und Elektroakustik, the leading journal 
of the world during the early days of radio 

His second book, entitled “Wireless Telegraphy”’, 
was published in Germany in 1908, and a second 
edition appeared four years later It was translated 
into Hinghsh m 1915 by A E Seehg, and published 
in London and New York, formmg one of the most 
useful text-books available to students at that time 
on the generation, propagation and detection of 
electromagnetic waves in the radio part of the 
spectrum 

He received many honours and medals from 
academic and professional societies, including an 
honorary doctor's degree from the Institute of Tech- 
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nology at Dresden He was made a fellow of the 
Institute of Radio Engmeers (N Y ) m 1915, recerved 
its medal of honour ın 1928, and was a member of 
the board of directors and vice-president m 1933 
He was honorary president of the German National 
Committee of the International Scientific Radio 
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Union, and was elected vice-president of that Com- 
muttee m 1938 All those who had the pleasure of 
meeting Prof Zenneck at mternational conferences 
wil remember his charming personality and his 
modest sımplicıty, combmed with wittmess and 
quickness of repartee. R L SwrrH-RosE 


NEWS and VIEWS 


Nobel Prize for Physics for 1959 , 
Dr Emilio Segre and Dr Owen Chamberlain 


Dr Segre and Di Chamberlain, who have been 
awarded tho Nobel Prize foi Physics for 1959, have 
collaborated 1n research m high-energy physics for a 
number of years at the Lawrence Radiation Labora- 
tory of the Umversity of California at Berkeley 
Dr Segre was born m Italy m 1905 and was a member 
of Fermrs remarkable nuclear research school m 
Rome He emigrated to the United States before the 
War Dr Chamberlam is thirty-nme and, hke Dr 
Segre, 1s a distinguished experimentalist Then 
collaboration at Berkeley has been associated with 
the great accelerators which have been built there 
over the years They were the leadmg members of a 
team engaged in experiments on nucleon-nuclear 
interaction with the help of the 184-m_ synchrocyclo- 
tron, and im particular made a detailed study of 
polarization phenomena in high-energy scattermg 
The work which has now been honoured by the Nobel 
award has, however, been ther discovery in 1955 of 
the antiproton m experiments with the 6 GeV -proton 
synchrotron, the bevatron The existence of the 
aniiproton had been confidently postulated for many 
years, the discovery of the positron m 1932, and rts 
interpretation on the Dirac theory, also 1gmplied the 
existence of other anti-particles mcluding a negatively 
charged proton Antiprotons stubbornly eluded 
discovery m the very high-energy (but very low- 
intensity) bombardments of cosmic radiation, and one 
reason for budding the bevatron was to have an 
mtense beam of sufficiently energetic protons to 
create proton—antiproton pairs in the laboratory 

The actual discovery, however, mvolved a long 
series of painstakmg experiments with very elaborate 
detection equipment which had to be specially 
developed The development of effective techniques 
for beam separation and detection for use with 
machines of very great energy 1s a field of research in 
itself The antiprotons produced when a beam of 
high-energy protons falls upon a target m a machine 
like the bevatron are very greatly outnumbered by 
other charged particles produced with very broad 
momentum spectra m the relatrvistic region These 
background particles would cause umpossible con- 
fusion m the detection apparatus if they were not 
systematically ehmunated Their elimination m the 
experiments of Segre and Chamberlain was a major 
programme in expermnental physics The final 
apparatus used was elaborate and refined Charge 
and momentum separation of antiprotons from the 
mixed beam of particles was achieved by magnetic 
deflexion and focusing ın separate lenses, and velocity 
selection was aided by time-of-flight and Cerenkov 
radiation techniques When some forty events had 
been accumulated which corresponded within accept- 
able margms of error with the properties of the 
antiproton, ıt could be said that the antiproton had 
been discovered As 1s usual m high-energy research 


with large machines, team-work by large numbers of 
physicists and engmeers was involved , the award of 
the Nobel prize to Segre and Chamberlam underlines 
the fact that the biilhant mdividual worker 1s still 
needed to inspire and direct the work 


Royal Society Medals for 1959 


Tux following awards of medals have been made 
by the President and the Council of the Royal Society 
Copley Medal to Sir Macfarlane Burnet, director of 
the Walter and Eliza Hall Institute, Melbourne, 
Australa, for his distinguished contributions to 
knowledge of viruses and of immunology Davy 
Medal to Prof R B Woodward, of the Department 
of Chemistry, Harvard University, Cambridge, Massa- 
chusetts, for his distinguished researches m organic 
chemistry and particularly for his contiibutions to 
the structure and synthesis of natural products 
Hughes Medal to Dr A B Pippard, reader m physics 
in the University of Cambridge, for lus distinguished 
contributions m the field of low-temperature physics 


Genetics at Cambridge * Prof J M Thoday 


A GRADUATE of the University College of North 
Wales. Bangor, Dr J M Thoday, who has recently 
been appomted to the Arthur Balfour chair of 
genetics ın Cambuidge, began his research career m 
the Botany School, Cambridge, under the guidance 
of Dr (now Prof) D G Catcheside These early 
studies of the action of 1omzmg radiations on 
chiomosome structure were interrupted by war 
service m the Royal Air Force, to be resumed after 
the War at the Mount Vernon Hospital and Radium 
Institute, where, ın collaboration with Dr J Read, 
Thoday demonstiated the effect of oxygen tension 
on the frequencies of chromosome changes followmg 
wradiation During 1947 he moved to Sheffield to 
take up an appointment as lecturer m cytogenetics, 
becoming senior lecturer in charge of the newly 
founded Department of Genetics there in 1954 In 
Sheffield his research moved towards the field of 
population genetics, particularly m relation to the 
genetical control of stability in development and to 
the action of disruptive selection His experiments 
with Drosophila have been especially rewarding m. 
the light they have thrown on the power of disruptive 
selection to conserve variability and to build up 
polymorphisms within populations They are showing 
us for the first time unde: controlled conditions how 
polymorphisms can come mto being and how thew 
genetical structure reflects the selection which has 
brought them about Prof Thoday’s breadth of 
experience and origmalrty of approach augur well for 
the future of genetics m Cambridge 


Genetics at Sheffield Dr J A Roper 


Dr J A ROPER returns to his own University 
(Sheffield) as the first holder of the new chan’ of 
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genetics Dr Roper graduated m chemistry at 
Sheffield m 1945, and was tramed m bacterial bio- 
chemistry under Krebs and McIlwam He jomed the 
Genetics Department at Glasgow m 1948 and played 
a very important part in the development of that 
school of genetics For his ability as a teacher, and 
his engagmg personality, he is well hked by the 
students At Glasgow he mtroduced, with great 
success, group discussion methods Dr Roper was 
Rockefeller Fellow in 1953 at the Cabfornia Institute 
of Technology, and has lectured at various times 
im a number of American and European universtties 
He 1s secretary of the Genetical Society 

Dr Roper’s trammg m chemistry and microbial 
biochemistry was a good foundation for the research 
ini microbial genetics on which ho embarked at 
Glasgow He played a major part there in a team 
working on the genetics of Aspergillus mdulans A 
most decisive contribution was the first deliberate 
search for, and his demonstration of, what could be 
called the ‘splitting of the gene’ (Nature 166, 956, 
1950). Soon after he designed a way of synthesizing 
heterozygous diploid strams m filamentous fungi 
This was the first step which made possible the dis- 
covery of the ‘parasexual’ cycle and the development 
of genetic analysis via mitotic segregation In the 
past three years Dr Roper has become interested 
in mvestigatmg extra-nuclear mheritance m Asper- 
gillus Dr Ropers ability m teachmg and research 
will be given full opportunities in this new char, 
born im a most favourable environment 


The Animal Health Trust 


HM tee QUEEN has graciously consented to 
become patron of the Animal Health Trust The 
Trust was founded by Dr W E Wooldridge m 
1942 for the purpose of mmprovmg the general health 
standards of all types of domesticated animals, and 
1b approaches the task m two ways First, by means 
of scientific mvestigation of the many disease prob- 
Jems of such animals, secondly, by stumulating the 
flow of tramed personnel mto the ranks of the 
veterinary profession through financial grants to 
needy students and by furthermg the higher educa- 
tion and specialization of vetermary graduates Four 
research centres have been established by the Trust 
for the study of disease ın horses, dogs, poultry and 
farm animals, respectively, the latest of which—the 
Farm Livestock Research Centre at Stock, Eissex— 
was opened by HRH Prince Philip m December 
1957 (see Nature, 181, 76, 1958) A new surgical 
unit to mark the patronage of the Queen 1s to be 
built at the Equme Research Station, Newmarket, 
at a cost of about £30,000 


The Office of the Lord Privy Seal 


Wiru the appointment of Lord Hailsham as the 
Muuster with general responsibility for science and 
technology, including atomic energy, the Atomic 
Energy Office and the Lord President’s Office will 
be combined The new Office will be in the charge 
of Mr F F Turnbull, whose appointment as 
deputy secretary, to succeed Sir Friston How in 
charge of the Atomic Energy Office, was announced 
some months ago It will be organized in two 
Divisions (1) a General Division, under Mr R N 
Quirk, under-secretary, corresponding to the previous 
Lord President’s Office, and (2) an Atomic Energy 
Division, under Mr M I Michaels, under-secretary, 
corresponding to the previous Atomic Energy Office. 
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Parliamentary Responsibility for Science and Tech- 

nology 

THe Prime Minister made a statement m the House 
of Commons on October 30 regarding the responsibih- 
ties of the Lord Privy Seal and the Minister for 
Science, stating that other Ministers would remain 
responsible for the scientific establishments within 
their own Departments, but that the Munster for 
Science was to be responsible for broad questions of 
scientific policy outside the sphere of defence, and was 
advised by the Advisory Council on Scientific Policy 
on general questions which relate to the whole field 
of civil science On November 3, Mr Macmillan 
indicated that the arrangements for answermg 
questions m the House of Commons which fall within 
the responsibility of the Minister for Science would 
be as follows questions about the Medical Research 
Council and radiobiologieal hazards, the Minister of 
Health, Agricultural Research Council and Nature 
Conservancy, the Munster of Agriculture, nuclear 
energy, the Department of Scientific and Industrial 
Research and general scientific matters, the Muster 
of Education, space research, the Maunister of 
Aviation Where questions about the development 
of nuclear energy relate to matters for which some 
other Minister is responsible, that Minister would 
answer them For example, questions about nuclear- 
powered merchant shippmg would normally be 
answered by the Minister of Transport, and about 
nuclear power stations by the Mmuster of Power 
Mr Macmillan had earlier defended the exclusion of 
the new Minister of Power from the Cabmet, but 
neither that arrangement nor those for answering 
questions for the Minister of Science m the House of 
Commons were well recerved 
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Scientific Developments in Britain 

REPLYING to a question m the House of Commons 
on November 2, Mr J B Godber, as representing the 
Lord Privy Seal, said that a small temporary station 
iS to be established near Cambridge to expand the 
work already bemg done at the Low Temperature 
Research Station and elsewhere, and he hoped it 
would be in operation by the end of next year 
Meanwhile, the Agricultural Research Council 1s 
considering the wider issues raised by the proposal to 
establish a permanent centre for meat research Ina 
written answer on November 5, the Minister of 
Education, Sir David Eccles, as representing the 
Minister for Science, stated that the new Hydro- 


“dynamics Laboratory of the National Physical 


Laboratory had cost about £2 million, and its staff 
was nearly 70, mcludmg 10 scientific officers The 
Laboratory would provide up-to-date facilities for 
testing ship designs, particularly ın reproducmg more 
realistic sea conditions, and research would be 
conducted to extend basic knowledge of the resistance, 
propulsion and sea-going qualities of ships, while new 
ship designs would be tested for industry 

In a written reply to a further question on Novem- 
ber 5, Sir David Eccles said that commissioning trials 
of the fast reactor at Dounreay had proved more 
difficult than expected, due to chemical engineering 
problems, but enriched uranium is now being loaded 
and the reactor is expected to become eritical within 
the next fow weeks This reactor, he said, i8 an 
experiment in the development of fast breeder 
systems, and successful explortation will depend upon 
the operating results the development of the fast 
reactor will occupy the resources of the Dounreay 
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establishment for many years The Admuralty 
submarme reactor development programme at Doun- 
reay 18 now getting under way, and firms m the north 
of Scotland with the necessary scientific and technical 
experience would be given the opportunity of tender- 
ing for any development work which could be let out 
to mdustry 
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Inauguration"of Merlin 


Wren HRH the Duke of Edinburgh formally 
maugurated Merlin, the nuclear research reactor built 
by Associated Electrical Industries Ltd (see Nature, 
September 5, p 11) at Aldermaston on November 6, 
an underwater closed-circmt television camera 
specially designed by EMI Electronics Ltd made 
possible the observation of activity mside the reactor 
This camera, which ıs 30 ın long, 3$ m im diameter, 
and enclosed ın a pure aluminium water-tight housing, 
1$ à permanent part of the equipment of Merlin In 
addition, a standard E M Y camera has been mounted 
&bove the reactor, on the second floor of the reactor 
hall This provides a contmuous view all around 
Merlin, and ensures that no unauthorized staff are 
near the reactor when ib is m use Two l4un 
receivers, one for each camera, have been rack- 
mounted m the control room on the ground floor and 
another receiver has been installed on the second 
floor for observation inside the reactor A 172m 
console receiver, capable of selecting a picture from 
either camera, has been installed in the reactor 
conference room Three more E MI cameras and 
seven more receivers were used at the openmg 
ceremony to give the audience an uninterrupted view 
of the proceedmgs from the moment the Duke of 
Edinburgh entered the reactor hall on the ground floor, 
while he was mspecting the top of Merlin from the 
second floor, and upon his return to the ground floor to 
start the reactor and unveil a commemorative plaque 


Joint British Committee for Vacuum Science and 

Technology 

Fortowme the Institute of Physics’ London 
Conference on high vacua held in April last, various 
suggestions were made for arranging regular meetings 
in Britain on vacuum science and technology, and for 
British participation m méternational conferences 1n 
this field As a result of mformal discussions, a 
Jomt British Commrttee for Vacuum Science and 
Technology has now been formed The Committee 
consists of representatives from each of the following 
bodies Institute of Biology, Institution of Chemical 
Engineers, Royal Institute of Chemistry, Institution 
of Electrical Engineers, Iron and Steel Institute, 
Institution of Mechanical Engineers, Institute of 
Metals, Institute of Petroleum, Physical Society and 
Institute of Physics Its objects are (a) to co-ordin- 
ate and help to muitiate meetings in the whole field of 
vacuum science and technology arranged by consti- 
tuent bodies , and (b) to act m the collective mterest 
of the constituent bodies by maintaining hason with 
the International Organization for Vacuum Seience 
and Technology and with national vacuum societies, 
and otherwise The Instrtute of Physics has agreed 
to provide the secretariat for the jomt committee , 
eommunieations should be addressed to the Secretary 
of the Jomt British Committee at 47 Belgrave 
Square, London, S.W 1 


Scientific Policy in South Africa 
Tue first and second annual reports of the Advisory 
Council on Scientafic Policy of the Union of South 
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Africa. cover the periods December 1956-December 
31, 1957 (pp 5) and January 1~December 31, 1958 
(pp 7), respectively (Pretoria Advisory Council on 
Scientific Pohey, 1958 and 1959) The Counci, 
which has nme members, meluding Prof H O 
Monnig as chairman, was appomted late in 1956 to 
enquire into and repoit on all matters referred to the 
Council by tbe Minister of Economic Affairs It 18 
required to acquaint itself with scientific develop- 
ments and policy m othe: countries and to advise 
the Muster concerning any action necessary m 
South Afrca, to take note of all mternational 
scientific conferences and make recommendations 
regarding representatives, and to mvestigate cases 
of overlapping of research and other activities 
referred to the Council by the Minister and 
make recommendations as to responsibility for the 
work 

In its first report the Advisory Council, attributing 
the shortage of scientists and technologists funda- 
mentally to weaknesses in secondary education, 
recommended that the Government should merease 
both funds and facilities available for trammg 
scientists at the universities, as well as actively 
promote the traming of technologists and unprove the 
salaries and conditions of employment of scientists 
A survey of the country’s requirements for scientists 
and technologists by the Research Bureau of the 
Department of Education, Arts and Science was also 
recommended, and the Council's consideration of the 
condition and organization of research issued m a 
recommendation for the appomtment by the Govern- 
ment of a commission to investigate the organization 
of agricultural research and the establishment of an 
independent Agricultural Research Council The 
Advisory Council does not consider its responsibility 
regarding attendance at international conferences 
can be satisfactorily discharged under the present 
arrangements or that the set-up permits adequate 
access m general to Cabimet level 

In its second report the Advisory Council recom- 
mends the compilation and mamtenance by the 
National Bureau for Educational Research of a 
National Register of Scientists and Technologists 
Some consideration was given to the relation between 
the Council for Scientific and Industrial Research 
and the universities, and at the request of the South 
African Chemical Manufacturers’ Union the Council 
considered the deswability of Government support for 
research on the processing of agricultural products, 
but concluded that the proposal was undesirable and 
that developments m this field should be left with 
the Council for Scientific and Industrial Research 
An mquiry into overlapping of State-aided research, 
requested by the Tieasury, led to the recommenda- 
tion that the Government Metallugical Laboratory 
should become an institute of the Council for Scen- 
tific and Industrial Research A Cabinet, Committee 
has been appomted to mvestigate the shortage of 
man-power in science and means of reducing this 
shortage, and a commission ıs investigating the 
desirability of an mdependent Agricultural Research 
Council, but otherwise no action appears to have 
been taken on the recommendations suggested m 
ihe first report 


Inland Telegraph Service 

Tas Committee appomted durmg December 1957, 
under the chairmanship of Sir Leonard Sinclar, “to 
advise the Postmaster-General on the future place of 
the mland pubhe telegraph service as part of the 
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communication facilities of the United Kingdom”, 
does not consider that, subject to keepmg under 
review the extended use of the telephone for sending 
telegrams over the shorter distances, further mtegra- 
tion of telegraphs with telephones, as recommended 
by the Bridgeman Commuttee of 1932, would be 
justified at present, though there may be scope for 
further mtegration with the telephone service or 
possibly with the telex service later The number of 
telegrams has steadily declined from 53 3 mulhons 
in 1947-48 to 18 7 muhons in 1956-57 and an 
estimated 16 9 millions m 1957-58, and the loss per 
telegram has risen from 14 2d to 40 3d in 1956-57 
and 48 2d in 1957-58 This is mainly due to the 
relatively small gap m the communications facilities 
of the United Kingdom filled by the service and this 
gap is bemg reduced in size by other Post Office 
services Foreign administrators face a simular 
problem and the traffic : expected to continue to 
declme Although the service is only of margmal 
mmportanee to busmess establishments and only 
occasionally used by the public for social purposes, 
in rts report the Committee recommends retention 
of the service to handle a proportion of overseas and 
emergency telegrams and for other reasons (Report 
of the Advisory Committee on the Inland Telegraph 
Serviee, 1958 Pp m--11 London HM Stationery 
Office, 1958 ls net) Increase of the tariff ıs recom- 
mended and the new structure should be one of a 
basic charge plus a charge for every word The Post 
Office, rt 1s suggested, should consider the ehmination 
or reduction of the deficits due to Press traffic and 
telegrams to the Irish Republic and should arrange 
to charge the British Transport Commission with the 
cost of Railway Pass telegrams 


Meldola Award 


Ir ıs announced that the next award of the Meldola 
Medal will be made early in 1960 to the chemist who, 
bemg a British subject and under thirty years of age 
at December 31, 1959, shows the most promise as 
indieated by his or her published chemical work 
brought to the notice of the Council of the Royal 
Institute of Chemistry before December 31 The 
merits of the work may be brought to the notice of 
the Council, either by persons who desire to1ecommend 
the candidate or by the candidate himself, by letter 
addressed to the President, Royal Institute of Chem- 
istry, 30 Russell Square, London, W C 1, from whom 
further formation can be obtaimed 


Royal Society of Edinburgh. Officers for 1959-60 


Ar the annual statutory meeting of the Royal 
Society of Edinburgh the followmg officers and 
members of Council were elected President 
Prof E L Hust, Department of Chemistry, Uni- 
versity of Edinburgh — Va4ce-Presidents Dr D P 
Cuthbertson, Mr A W Young, Prof T Neville 
George, Prof J R Matthews, Dr T R Bolam, 
Dr Douglas Guthrie General Secretary Prof 
Norman Feather, Department of Natural Philosophy, 
University of Edmburgh — Secretames to Ordinary 
Meenngs Dr A W Greenwood and Dr Mowbray 
Ritchie Treasurer Dr J R Peddie Curator 
Dr R Schlapp Councillors Prof A M MacBeath, 
Prof R A Rankm, Prof A E Ritchie, Prof V C 
Wynne-Edwards, Prof E G Cullwick, Prof G 
Pontecorvo, Prof M M Swann, Prof H A HBiuck, 
Prof T S Westoll Dr H R Fletcher, Prof G L 
Montgomery, Prof W L Werpers 
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Announcements 


Tas Muuster for Transport and Power for the 
Republic of Ireland has appomted Mr J Connor, of 
the Department of Transport and Power, to be 
charman of the National Commuttee foi Geodesy 
and Geophysics m succession to Mr A Ó Comneain 


Mr R Lzviw has been appomted development 
planning executive at Aspro-Nicholas, Ltd , of Slough, 
Bucks Mr Levi was formerly chief pharmacist, 
Research and Development Division, and lately 
manager of the Technical Information Department 
of the Distillers Co (Biochemicals), Ltd He 18 the 
author of “The Pharmacy of Silicones and ther Uses 
1n. Medicme”’ 


ForrowriwG the resignation of Dr C. E Dalgliesh 
as secretary of the Biochemical Society, Dr P N 
Campbell, Courtauld Institute of Biochemistry, 
Middlesex Flosprtail, London, becomes secretary to 
the Commuttee, and Dr W J Whelan, Lister 
Institute, Chelsea Bridge Road, London, S W 1, has 
been appomted meetings secretary 


Tue National Collection of Industiial Bacteria has 
been transferred from the National Chemical Labora- 
tory to the Torry Research Station (Department of 
Scientific and Industrial Research) All future 
inquiries and correspondence concerning the Collection 
should be addressed to the Curator, National Collec- 
tion of Industrial Bacteria, Torry Research Station, 
Aberdeen 


A SYMPOSIUM on hematology has been oiganized 
by the University of Cambridge Post-Graduate 
Medical School, and will be held durmg December 7-9 
Further information can be obtamed fiom the 
Secretary, Medical School, Tennis Court Road, 
Cambridge 


Tue US Office of Naval Research has announced 
that the second Conference on Semiconductor 
Surfaces wil be held at the US Naval Ordnance 
Laboratory, White Oak, durmg December 3-4 
Further information can be obtamed from the 
chairman, of the Steermg Commuttee, Dr J N Zemel, 
US Naval Ordnance Laboratory, White Oak, Silver 
Spring, Md 

Tue Indian Society of Theoretical and Apphed 
Mechames has announced the Fifth Congress on 
Theoretical and Applied Mechanics, to be held at the 
University of Roorkee durmg December 23-26 
Further information can be obtained from the 
Secretary-Treasurer, Indian Society of Theoretical 
and Appled Mechanics, Institute of Technology, 
Kharagpur, India 


Tux autumn general meeting of the British Iron 
and Steel Institute will be held m London durmg 
December 2-3 The sessions, some of which will run 
simultaneously, will be held m the Great Hall, 
Caxton. Hall, S W 1, and m the Hoare Memorial Hall, 
Church House, SW 1 Further mformation can be 
obtained from Mr K MHeadlam-Morley, Iron and 
Steel Institute, 4 Grosvenor Gardens, London, S W 1 
All applications must be returned by November 27 


Erratum In the article entitled “Transmission of 
a Virus to Strawberry Plants by a Nematode 
(Xiphinema sp )” m Nature of September 26, p 962, 
hne § ın par 2 should not have been mserted The 
phrase should read “ the causal virus of yellow 
ermkle and of mosaic was transmitted by mechanical 
moculation from plants of a number of strawberry 
varieties, mcludmg 
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INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY 
COMMISSION ON GEOCHEMISTRY 


HE Commission on Geochemistry of the Inter- 

national Union of Pure and Apphed Chemistry 
held a meetmg im Munich durmg August 26—27, 
durmg the twentieth Conference of the Union 
Attending the meeting were the following members 
of the Commission Prof T F W Barth (president), 
Dr F M Vokes (achng secretary), Prof © Burn, 
Prof C W Correns, Prof S I Tomkeieff, Prof L R 
Wager, Prof F E Wickman and three observers of 
the Commission Prof A P Vmogradov, Prof K 
Sugawara and Prof E Ingerson 

The Commission discussed at length its future 
objects and aims, particularly with regard to the 
work of its sub-committees The chairmen of the 
three existing sub-committees reported on ther 
activities , these comprise the subcommittee on 
abstracting, translation and information, the sub- 
committee on the chemistry of the oceans and the 
sub-commuttee on rock analyses It was decided to 
broaden the scope and work of the Commussion by 
forming sub-commuttees on “the organic compounds 
in the crust of the Earth" and “the begmning of the 
biosphere" 

It was also considered highly desirable that some 
form of code should be compiled which could 
be used to indicate the exact analytical methods 
which had been employed m mineral and rock 
analyses reported ın publications It was decided to 
seek the co-operation of the Sections of Inorgame 
and Analytical Chemistry of the Union to further 
this end The question of education and trammg 
for geochemistry was also discussed at some length 
In particular, 16 was agreed that the education com- 
muttee of the Geochemistry Society should be en- 
couraged to produce a definitive report on this subject 
as a basis for further discussion 


SCIENCE AND 


HE fourth annual conference of the British 
Society for the Philosophy of Science was held 
durmg September 25-27 at Newnham College, Cam- 
bridge, and was attended by about eighty members 
and guests Dr M B Hesse was conference secretary 
Four symposia were held ‘Scientific Research 
and the Philosophy of Science”, “Biology and 
Physics”, ‘‘Classification, Concept-formation and 
Language”, and ‘“Knowmg and Bemg" 

At the first session, with Dr J O Wisdom in 
the cham, ıt was argued whether ‘philosophy of 
science’ can be held to refer to any activity not 
properly subsumed under ‘scientific research’, and, 
if rt can, whether that activity 1s relevant to research 
Prof H Dingle mentioned various questions of value 
and purpose, as well as of method, papers on which 
were unlikely to be &ccepted for publication 1n journals 
concerned with particular sciences Prof H C 
Longuet-Higgins, on the other hand, argued that, of 
the product of philosophers of science, part was 
science, part was philosophy, and the remainder was 


The subject of future symposia on geochemistry 
came in for a considerable amount of discussion It 
was decided to offer the Commussion’s co-operation 
in respect of the proposed symposium of the Inter- 
national Union of Geodesy and Geophysics to be 
held m. Helsmki ın July 1960, and that of the Geo- 
chemical Society to be held in Copenhagen m August 
1960 For the Copenhagen symposrum it was sug- 
gested that the Commission should be responsible for 
organizing a section of the geochemustry of sedi- 
mentary carbonate rooks 

Prof A P Vinogradov of the Vernadsky Institute 
of Moscow gave the members present a short sum- 
mary of the current geochemical work being cariied 
out at the Institute He also mentioned that dis- 
cussions were takmg place regarding the formation 
of a Russian geochemical society which he hoped 
would m time be able fully to co-operate with similar 
bodies outside Russia Prof K Sugawara also gave 
a short account of the position and activities of the 
Japanese Geochemical Society 

Election of Members In order to replace those 
members due to retire at the end of the present year, 
the followmg were elected members of the Com- 
mission Prof L H Ahrens, Prof E Ingerson, 
Prof K Sugawara and Prof A P Vinogradov 
The officers elected for the session begmning 1960 
were President, Prof © W Correns (Gottingen), 
Vice-President, Prof A P Vinogradov (Moscow), 
and Secretary, Prof E Ingason (Austm, Texas) 
In addıinon, i$ was decided to invite seven new 
observers to serve with the Commission The 
president-elect, Prof Correns, proposed a vote of 
thanks to the retirmg president, Prof Barth, for 
his work for the Commussion durmg his term of 
office and this was carried with acclamation 


PHILOSOPHY 


of no use to man or scientist This aroused some 
consternation, as members consulted ther own 
credentials and mvoked those of others, but m due 
course a consensus emerged that scientists have to 
think critically about ther thinkmg, and the com- 
parative study of modes of scientific thought may 
help them to do so 

In the second session, Prof J H Woodger de- 
seribed an abstractrve hierarchy of terms character- 
ized by a one-many relation, and its use ag a con- 
ceptual framework m biology With some hierarchies 
of cells, every cell 1s & distinct life , with others, only 
the first cell m each hierarchy, elaboration occurring 
on subsequent levels Morphology was the study 
of the arrangement and differentiation of parts , 
physiology was the study of the existential dependence 
of parts Genetics was concerned with the process 
m which the first member of a hierarchy results 
from the conjunction of two members of other . 
hierarehiees Dr E M Hutten set alongside this 
framework the sequence exhibited by radioactive 
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decay each new atom produced was similarly time- 
extended, stemmed from a parent atom, and consisted 
of existentially dependent parts, but ıb was not 
dependent on its environment analogously to a cell 
In elementary-particle theory, explanation mught 
amount to httle more than classification, or an 
enumeration of possibires, and might have little 
more predictive power than comparable biological 
models with their over-determunation and multiple- 
causation The chairman, Prof C F A Pantm, 
referred to the occurrence, m biology, of morpho- 
logical models that can be mterpreted at more than 
one level m an organizational hierarchy In dis- 
cussion i$ was suggested that the predictive power 
of a theory might not always be manifest at the time 
of its original formulation, it might have to await 
development of deduction There was much mterest 
in the relative umportance of the past history of an 
entity m biology and m physics historical existential 
dependence appears to be a function of complexity 

In the thud session, with Mr G Buchdahl in tho 
cham, Miss M Masterman and Mr R M Needham 
presented the strategy, and some of the tactics, of a 
method of analysing language by assimilating ıt to 
8 library classification system m which concepts are 
arranged on a finite lattice ordered by a single, weak, 
‘concordance’ (inclusion) relation They further 
suggested that the formation of scientific concepts 
18 a development of language according to this model 
There was some discussion as to whether the method 
is a technology for mechanical translation, or a 
science, or a philosophy of language, and ıt was 
suggested that rt could be viewed as a scientific 
model of language, contammg the partly uninter- 
preted concept ‘melusion’, and capable of bemg 
tested by experiments on translation and on analogy- 
finding 

In the fourth session, under the chairmanship of 
of Dr W H Thorpe, Prof M Polanyi presented a 


NATURE 


October 17, 1959 


way of talkmg about the primary process of knowing 
by perception, the pre-articulate act of knowing, 
which partakes of the uniqueness of the mdividual 
pererpient, the unspeerfiable personal knowledge 
from which any specifiable, potentially public, 
knowledge is derived by a process of abstraction 
Complex entities were commonly perceived and 
recognized as wholes before particulars had been 
identified ; the process of discovery, ın fact, might 
be regarded as an alternation of analysis, recognizmg 
particulars, and integration, recognizing the relations 
of parts to the whole Prof R B Braithwaite sug- 
gested that too narrow a view might be taken of 
specifiability, and that some levels of subjective 
experience, however vague, could be conveyed 
by language—for example, ‘Oblomov’ conveys the 
experience of lazmess, beyond that, he differed 
fiom Prof Polanyi m his use of the term ‘knowledge’ 
for what was unspecifiable In the subsequent dis- 
cussion. there was some reluctance to focus on this 
rather undemocratic mode of tacit awareness, and a 
preference for talking about what can be made public, 
with the mmpheation that the progressive refinement 
of scientific language tends to eliminate the un- 
specifiable 

In conclusion, 161s perhaps worth directing attention 
to the unusualness of a scientific conference at which 
speakers are not armed with specified and verifiable 
data but attend primarily to make as explicit as 
possible how they think, and to receive criticism of 
the process thereby revealed, especially from those 
who are not working mn the same field The coherence 
of this universe of discourse was ulustrated by the 
frequency of reference from one discussion to another, 
the esprit d'escahe: from one session often findmg 
its outlet ın a later one, its range, by the frequency 
of spontaneous quotation, not only from Shakespeare 
and Wordsworth but also from Swinburne (and early 
Swinburne, at that). G E Denver 
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FOURTEENTH ANNUAL CALORIMETRY CONFERENCE 


HE fourteenth annual Calorimetry Conference, 
held at Yale University ın the Sterling Chemustry 
Laboratory during September 10-12, was attended 
by more than one hundred scientists from the United 
States, Canada and Europe Under the chairmanship 
of Dr David White (Ohio State University) thirty 
papers were read and discussed These included 
heat capacity measurements at temperatures as low 
as 01°K and as high as 1,400°K , precision re- 
action and bomb calorimetry, solution calori- 
RD and determmations of stored energy m 
solids 
Most of the papers were concerned with 
recent developments in calormetry However, as 
calorimetric techniques are extended to more ex- 
treme conditions, the problems that led to the 
foundmg of the Conference remam under new guises 
The need for better temperature measurmg devices 
was emphasized m seven papers that reported on 
research at temperatures below 11°K No device 
comparable to the platmum resistance thermometer, 
now in general use for measurements above 11°K , 
18 yet available for the very low temperatures at 
which some of the most important calormmetric 


research 1s now bemg done However, the reports 
on a device that may extend precision thermometry 
to at least 1° K , namely, the germanium resistance 
thermometer developed in the Bell Telephone Lab- 
oratories, were received enthusiastically Twelve of 
these thermometers had been provided for a calon- 
metry conference test programme involving eleven 
different laboratories Three papers at the Yale con- 
ference described the first results of the investigations, 
which were so promising that the Conference plans to 
seek a manufacturer of additional units for a more 
extensive testing programme 

Special addresses were given by Profs George 8. 
Parks (Stanford University) and Lars Onsager (Yale 
University) At the annual banquet, Parks delivered 
the Hugh M Huffman Memorial Lecture, ‘Some 
Remarks on the Thermodynamic Properties of 
Organic Compounds” Parks and one of his first 
graduate students, the late Dr Huffman, started the 
first systematic calorrmetric studies of organic com- 
pounds at Stanford more than thirty years ago 
Enlivening his remarks with many personal anecdotes, 
Parks traced the history of thermodynamic research 
on organic substances and the role mmprovement 
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of calormnetric methods has taken in the remark- 
able progress made in the past three decades Prof 
Onsager gave the pimerpal lecture of the technical 
sessions on ‘‘Co-operative Phenomena", a field n 
which he has developed much of the basic theory 
Many papers at each Calorimetry Conference desciibe 
experimental studies of co-operative phenomena, and 
Onsager outlmed the approaches one may take in 
seeking a theoretical understanding of such effects 
Admitting that three-dimensional treatments of 
critical phenomena by statistical mechanics seem 
hopelessly complex, he dwelt mostly on more sim- 
plified treatments that give 1esults 

In addition to the objective of promoting better 
calorimetric research, the Conference also 1s concerned 
with publication policies relating to calorimetric and 
thermodynamic articles A “Resolution regaidmg 
Published Calorumetiic Data” adopted by the eighth 
Conference in 1953 has proved to be valuable to 
editors and authors alike in establishing consistent 
policies based on the opinions of experts ın the field 
Because calorimetric research has expanded into 
many areas not covered by the 1953 resolution, the 
four teenth Conference established à committee headed 
by J P McCullough to consider revismg and extend- 
mg the earher recommendations Drs Edgar F 
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Westium jun (University of Michigan), and Stig 
Sunner (University of Lund, Sweden) presented a 
proposal of the Commussion on Thermodynamics of 
the International Union of Pure and Applied Chem- 
istry for a joint meeting m 1961 of the Calorimetiy 
Conference and the Subcommissions on Experimental 
Thermochemistry and Experimental Thermodyn- 
&mies The Conference unanimously approved the 
proposal for a joint meeting to be held either before or 
after the biennial meeting of the Union that year in 
Montreal, Canada Plans will begm immediately foi 
what should be one of the most umportant conferences 
ever held in the field of calorimetry 

At the annual election the followmg members 
wele appointed to Conference offices Chatman, 
Dr J P McCullough (Petroleum Thermodynamics 
Laboratory, Bureau of Mines), Chawrman-Elect, Dr 
D W Osborne (Argonne National Laboratory) , 
Directors, 1959-62, Dr N E Philips (University of 
California, Berkeley) and Dr J M Sturtevant (Yale 
University) Other officers inelude Secretary- 
Treasurer, Dr C E Messe (Tufts University) and 
Directors, De David White, In D H Andrews 
(Johns Hopkms Univeisity), Dr J E Kunzler (Bell 
Telephone Laboratories), and Dr. J A Morrison 
(National Research Council, Ottawa) 


SECOND AUSTRALIAN SPECTROSCOPY CONFERENCE 


HE second Australan Spectroscopy Conference, 
convened by Dr A L Q Rees (Division of 
Chemical Physics, Commonwealth Scientific and 
Industria] Reseaich Organization) and held m the 
Chemistry Department of the University of Mel- 
bourne durmg June 1-3, was opened by Prof J S 
Andeison, who welcomed the 110 participants and 
the four exhibitors of commercial spectroscopic 
equipment ‘The first session of the conference was 
devoted to ultra-violet spectra and began with a 
review by Prof N S Bayliss (Chemistry Department, 
University of Western Australia) of recent theoretical 
work on solvent effects He directed attention to the 
calculations of Polansky on the mteraction between. 
two H atoms which predict a red shift in the atomic 
spectrum beyond a critical distance and a blue 
shift at closer distances, to the calculations by 
Longuet-Higgins and Pople of the red shift im the 
spectra of non-polar solutes m non-polar solvents 
arising from dispersive forces, and to McRae’s 
formulations of the case of polar solute and polar 
solvent The McRae formula piedicts a frequency 
shift between absorption and fluorescence aiismg 
from the change of dipole moment between the 
ground and excited states, thus providing a method 
for measuring the dipole moments of excited states 
for comparison with calculated values 
One set of contiibuted papers in this section dealt 
with the spectia of aromatic hydrocarbons Dis 
G R Hunt and I G Ross (Physical Chemistry 
Department, University of Sydney) discussed a 
vibrational analysis of the 7000 A and 3500 A 
absorption systems of azulene which appears to 
confirm the predictions of Pariser and of Moffitt 
concerning the nature of the excited states Dr L E 
Lyons and Mr G C Morris (Physical Chemistry 
Department, University of Sydney) presented results 
on the absorption of anthracene vapour (38,000 to 


60,000 em -1) They confirmed the second x—x transi- 
tion as allowed and also observed four members of 
a Rydberg series converging to an 10mzation poten- 
talof6 8leV Dr N S Ham (Division of Chemical 
Physics, Commonwealth Scientific and Industrial 
Research Organization) reported some calculations 
by the free-electron model, with electronic interaction, 
of the spectrum of the permaphthenylium cation 
C,,H, +, which agree well with the reported spectrum 
and also predict an unreported absorption band at 
about 600p. 

Studies by Dr I G RossandE J Wells (Physical 
Chemistry Department, University of Sydney) on 
the interesting tetrahedral molecules OsO, and RuO, 
failed to reproduce the extensive fine structure 
ieported in the room temperature spectra by Langseth 
and Qviller m 1934 The authors gave a vibrational 
analysis of their spectra and used the energy-level 
scheme of Ballhausen and Liehr to assign the two 
allowed transitions A theoretical paper by Dr E G 
McRae (Drvision of Chemical Physics, Commonwealth 
Scientific and Industrial Research Organization) 
was concerned with electronically exerted states of 
aggregated identical molecules, the intra-molecular 
vibrations were expheitly included Two limitmg 
eases were recognized, depending on whether the 
interaction energy was large or small with respect 
to the vibrational energy An interpretation of the 
J band of N,N’-diethyl-pseudo-cyanine was offered 
on the basis of this theory 

Dr H A. McKenzie (Division of Food Preserva- 
tion and Transport, Commonwealth Scientific and 
Industrial Research Organization) spoke on the dif- 
ference spectra in acid solutions and in urea solutions 
of bovine serum albumin, ovalbumm and conalbumin 

Dr L E Lyons (Physical Chemistry Department, 
University of Sydney), 1n opening the session on solid 
state spectroscopy, described a number of the effects 
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observed ın 1ionie solids and semi-conductors Such 
effects Include structure m the absorption edge of the 
conduction band, hydrogen-hke absorption series 
due to excitons, the high intensity of the conduction 
band absorption of germanium due to the low effec- 
tive mass of the electrons, mtervalence band trans- 
tions i» germanium, and the magnetic splitting 
of the conduction-levels m InSb The use of 
cyclotron resonance m determining the presence of 
excitons and m evaluatimg effective masses was also 
noted Crystal field effects 1n the spectra of morganic 
complexes and the Davydov sphttmg m molecular 
crystals were also discussed 

Dr J A Friend (Chemistry Department, University 
of Tasmania) and Dr Lyons have identified two 
transitions in the crystal spectrum of sodium nitrate, 
an allowed one at 2000 A and a weak n-x transition at 
2870 A Dr J Ferguson (Division of Chemical Physics, 
Commonwealth Scientific and Industrial Research 
Organization) has analysed the polarized spectra of 
mucrocrystals of some cobalt (II) tetrahedral and 
octahedral complexes The absorption spectra of the 
tetrahedral complexes of the type CoPy,X, are 
modified by mtermolecular mteraction in the crystal 
while the octahedral complexes can be interpreted 
by simple crystal field theory Mr J E A Alderson 
(Physics Department, University of Western 
Australia) discussed the lummescence spectia of 
thalhum-doped potassium iodide in the spectrum 
range 600 A to 2500 A 1ecorded on a normal medence 
grating spectrometer with a photomultipher as detec- 
tor Dr L E Lyons, Dr J R Walsh and Mr J W 
White (Physical Chemistry Department, University of 
Sydney) presented the polarized. visible spectrum of 
single crystals of phthalocyanme An attempt was 
made to calculate the crystal spectrum using the 
Davydov theory, but the error m estimating the 
dipole vector 1s too large to allow an unambiguous 
assignment of the crystal levels 

Two papers on vacuum spectroscopic technique were 
presented One by Mr R S Crisp (Physics Depart- 
ment, University of Western Australa) described a 
grazing meidence, photon-counting grating spectro- 
meter, working in the range 40-1000 A It bas been 
found that the soft X-ray band emussion spectra 
obtained with this mstrument change with the 
material of the grating (alummium to glass), with 
time, and with the order m which the grating 18 used 
These effects have no explanation at the moment 
J V Sulhvan (Division of Chemical Physics, Com- 
monwealth Scientific and Industrial Research Organiz- 
ation) described a double-beam photoelectric 1 m 
grating spectrometer, which has been tested down to 
15004 The monochromator employs a concave 
grating in & new type of mounting m which deviations 
from the Rowland circle lead to no detectable loss 
in resolution The double-beam system mvolves 
grazing meidence reflexion to split the exit beam and 
two electronically coupled photo-multipliers to record 
the spectra Examples of spectra recorded over the 
range 1500-6000 A were presented 

The second day of the conference began with a 
review of some of the infra-red, Raman and microwave 
work of 1958 by Prof A N Hambly (Canberra 
University College) Topies discussed included 
accurate determination of molecular geometries from 
gaseous Raman and microwave spectra , mformation 
on torsional modes barrier heights, barrier tunnelling 
and rotational isomerism from spectra m the cæsium 
iodide and  muerowave regions, pressure-induced 
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transitions 1n gases Perturbation effects and solvent 
effects need further study, for the reviewer pointed 
out that despite considerable work on the subject, 
the mtensities of mfra-red bands in polar solvents 
still do not accord with the theories 

In a research paper Prof Hambly and J G Allpiess 
(Chemistry Department, University of Melbourne) 
showed that infra-red spectra can be used to follow 
some solid state reactions They illustrated then 
remarks by showmg spectra of the products of reaction 
between U,O, and alkali or alkalmne-earth halides 
They could detect differences that were not discei- 
mble m X-ray powder patterns 

Dr E Spinner (Australian National University, 
Canberra) discussed the vibration spectra and struc- 
ture of the hydrochlorides of urea, thiourea and 
acetamide Infra-red and Raman spectra suggest 
that the cations are formed by the addition of a 
proton to the nitrogen rather than to the oxygen 
atom and that the C—N bond in an amide is a pure 
single bond Drs N S Ham and J B Wilhs (Divi- 
sion of Chemical Physics, Commonwealth Scientific 
and Industrial Research Organization) dealt with the 
infra-red and Raman spectra of some isothiocyanates 
They have identified the symmetrical NCS stretching 
frequency in —CH NOS types at about 670 cm.-}, and 
at about 930 cm~! in aromatic —NOS compounds 
They also gave a detailed interpretation of the complex 
structure of the strong NCS characteristic band near 
2100em-1 A J Costoulas (Department of Chemistry, 
University of New South Wales) gave a complete 
vibrational assignment for methyl-1sothiocyanate 
He agreed with Ham and Willis m the reassignment 
of the band at 676 cm-* to the symmetrical NCS 
stretching frequency 

Prof A N Hambly and R H Laby (Chemistry 
Department, University of Melbourne) discussed somo 
ciiteria for allocating displacements of X—H bond 
stretching frequencies to the formation of hydrogen 
bonds These are a double absorption band for weak 
intermolecular H-bonds and most weak intramolecular 
H-bonds, a double absorption band at low concen- 
tration in non-polar solvents for stronger inter- 
molecular H-bonds, and a large displacerhent of 
frequency but no doubling on dilution for strong 
mtramolecular H-bonds Some exceptions were 
illustrated by the spectra of some ortho-amino 
acetophenones and anthranilic esters The stable 
conformations of a series of methyl-cyclo-hexanols 
were reported by Dr A R H Cole and G T A 
Muller (Chemistry Department, University of Western 
Australia) Small but significant differences m the 
stretching frequencies of axial (3627-32 cm-1) and 
equatorial (3622 5-23 cm -!) hydroxyl groups were 
used to determine the conformations The methyl 
group was found to have a greater tendency to be 
equatorial than the hydroxyl group A G Moritz 
(Department of Organic Chemustry, University of 
Adelaide) has exammed the overall appearance of the 
3000 em -! region 1n the infra-red spectra of a number 
of methyl-substrtuted polycyclic hydrocarbons He 
has confirmed the general applicability of the corre- 
lation between the pattern of this region and the 
free valence number of the position of substitution ın 
the parent hydrocarbon, a correlation first observed 
by Fuson and Josien for the methyl-1 2-benzan- 
thracenes 

The results of a normal co-ordinate analysis of the 
33 planar vibrations of naphthalene were presented 
by D E Freeman and Dr I G Ross (Physical 
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Chenustry Department, University of Sydney) An 
iterative procedure of adjusting the force constants 
was used to force agreement with seven of the 
frequencies the assignment of which 15 most certain 
This necessitates some reassignments, and the result- 
ant mterpretation 1s m general agreement with the 
work of Luther 

The simplest molecule discussed at the conference 
was hydrogen deuteride the weak dipole vibration 
spectrum of which was the subject of a paper by Dr 
R A Durie (Coal Research Station, Commonwealth 
Scientific and Industrial Research Organization) The 
internuclear distance and the anharmomeity con- 
stants were calculated from measurements of the 
iotational structure of the (1,0), (2,0), and (3,0) 
vibration bands Dr D W Posener (Division of 
Electrotechnology, Commonwealth Scientific and 
Industrial Research Organization) presented the 
only paper on mucrowave spectroscopy He has 
measured the electric field gradients at the oxygen 
and hydrogen nucle. m HDO and D,O and has 
begun a measurement of the magnetic hyperfine 
splittings 

The following papers which were generally con- 
cerned with spectrographic apparatus and methods 
were also presented Dr H Gollnow (Mt Stromlo 
Observatory, Canberra) described a precision photo- 
electrié setting device (accuracy about 0 5u) for the 
measurement of diffuse spectral lines A fast-scanning 
infra-red (1-5y.) spectrometer equipped with a cooled 
lead-tellurium detector was described by Dr J Tre- 
gallas-Wilhams (Defence Standards Laboratories, 
Maribyrnong) Another paper from the same labora- 
tories, by G L White, discussed the application of 
polynomials fitted by ‘least squares’ methods, mstead 
of the Friedel~-McKinney equation, for the calibration 
of infra-red spectrometers Some molecular spectra 
excited by shock waves were shown by Dr C L Cook 
(Weapons Research Establishment, Salisbury), and 
the part played by a photographic spectrograph m 
routme control ın the steel industry was outlined 
by J H Savage (Australian Iron and Steel, Port 
Kembla) Another paper on emussion spectroscopy 
was given by J M Nobbs (Defence Standards 
Laboratories, South Australia), who described 
some of the effects of pulse shape on the 
spectral characteristics of pulsed discharges He 
pomted out that the exponential shapes com- 
monly used yielded lower sensitivities than most 
other shapes 

The final morning session of the conference took the 
form of a small symposium on atomic absorption 
spectroscopy, with & review and five research papers 
on the subject A Walsh (Division of Chemical 
Physics, Commonwealth Scientific and Industrial 
Research Organization) reviewed the present status of 
emission and atomic absorption spectroscopy Recent 
advances in emission spectroscopy include better 
sources, the use of photomulüplers and the aval- 
&bihty of vacuum instruments The use by Margoshes 
and Senbner of a plasma-jet as a spectroscopic 
source was a new development which will be fol- 
lowed with great mterest However, the need for 
standards remains This results essentially from 
three types of interference, namely, chemical, radiative 
and exertatrve Atomic absorption spectroscopy 
avoids two of these but not the chemical interferences 
In the opinion of the reviewer the value of atomic 
absorption spectroscopy has been established and ıt 
seems that any analysis that can be done by flame 
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emission methods usmg atomic Imes can be done 
as well and often better by atome absorption 
methods 

J E Allan (Department of Agricultue, Hamilton, 
New Zealand) described the analysis of magnesium 
by atomic absorption The measurement 1s carried out 
simultaneously with flame emission analyses foi 
calcium, sodium and potassium, the other majo 
cations present ın plants and soils The magnesium 
determmation can be performed with the same ease 
as, and probably with greater reliability than, calcium, 
sodium and potassium determimations The minor 
elements zinc, mon and manganese have also been 
determined by atomic absorption directly on plant ash 
solutions or soil extracts, but copper at present 
iequires prior extraction with an organic solvent 
D J David (Division of Plant Industry, Common- 
wealth Scientific and Industrial Research Orgamza- 
tion) spoke about some of the chemical mterferences 
encountered in applying atomic absorption to the 
analysis of plant material and soi extracts In plant 
material analyses, he finds no interference for zinc, 
iron, copper and magnesium but he finds that calcium 
absorption is depressed by phosphate, aluminum 
and silicate This mterference 1s ehmmated with 
0 6 per cent magnesium ions and 2 per cent, volume/ 
volume, sulphuric acid With soi extracts the 
atomic absorption analysis is straightforward for 
sodium, potassium and magnesium, but m this case 
the interference with calerum is controlled by 0 15 
per cent strontium ions These two papers showed 
that many analyses unportant in plant and animal 
nutrition can be carried out successfully by the 
atomic absorption method 

Dr J B Wihs (Division of Chemical Physics, 
Commonwealth Scientific and Industrial Research 
Organization) discussed the determination of blood 
serum calcium and magnesium levels by atomic 
absorption Large quantities of strontzum ions or the 
disodium salt of ethylene diamme tetracetic acid are 
needed to overcome the interference of phosphate 
and protem Duplicate measurements for calerum 
and magnesium can be made directly on about 
0 25 ml of serum diluted 10-20 fold Dr P Brown- 
well (Botany Department, University of Adelaide) 
is interested m analysing for very small quantities 
(about 0 01 ppm) of sodium, which 15 a miero- 
nutuent for Atriplex veswaria The flame photometric 
results are misleading when the calcium concentration 
exceeds 0 02 M The atomic absorption method using 
*S^-ro-spec', a simple instrument designed by Box 
and Walsh for this purpose, at present enables 
accurate measurements of about 1 ppm sodium 
in the presence of large excesses of calcium (4 M) and 
potassium 

The final contribution, by Dx B M Gatehouse and 
Mr A Walsh (Division of Chemical Physics, Common- 
wealth Scientific and Industrial Research Organiza- 
tion), was concerned with the direct analysis of metals 
and alloys By sputtering from a metal surface in the 
presence of about 1 mm mercury pressure of neon 
they were able to obtain a calibration curve and to 
determme 1 ppm silver in a copper-siver alloy 
They suggested that this method may be surtable for 
elements such as aluminium and boron which do not 
give atoms in the flame 

In a concludmg discussion members agreed 
unanimously that a standing committee should be 
set up to organize similar conferences at regular 
mtervals. Norman 8 Ham 
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PROTEIN BIOGENESIS 


COLLOQUIUM on “Specificity in Protem 
Biogenesis” was held in Louvam dunng June 
8-9 by the Centre interuniversitane de Recherches 
enzymologiques, & government-sponsored association 
grouping several Belgian biochemical laboratories 
The aim of the oiganuzeis was to bring together 
scientists actively engaged in icsearch on protem 
synthesis and to establish new contacts with the 
Belgian groups interested in this field The meeting 
was arranged on an informal basis and the speakers 
were asked to discuss freely the current work of 
their laboratories , the lectures will not be published 
Present ideas on the relationship between deoxy- 
iibonucleie acid and piotem structures were lucidly 
summarized and discussed by C Levinthal (Mass- 
achusetts Institute of Technology) Since deoxyribo- 
nucleic acid and protem aie both lnear polymers, 
1t would seem that a simple relation should exist 
between the arrangement of the ammo-acids in the 
protem and that of the nucleotides m deoxyribo- 
nucleic acid of the corresponding gene—piobably a 
poimt-to-pomt correspondence between the two 
sequences Some of the characteristics of the coding 
system serving to translate one sequence into the 
other can be deduced from what is known about 
deoxyribonucleic acid and protem structme It 
seems feasible at present to check experimentally the 
idea of collmearity between the structure of the two 
types of polymers Find an organism in which genetic 
maps can be established with gieat accuracy, choose 
an enzyme molecule of moderate size produced by 
this organism and devise a good selection principle 
for recovermg the useful mutants Isolate several 
mutants of the genetic locus of the enzyme, map the 
mutation sites, isolate the abnormal protems, if any, 
which are produced in place of the normal enzyme 
by the mutants, and locate the differences withm 
the protem molecules This gives a test of the 
correspondence between deoxyribonucleic acid and 
protein fine structure 
CO Levinthal described the progress of his own 
work on the genetic contiol of the formation of a 
phosphatase in Æ coh Thirteen different mutants 
resulting from mutations within the locus of the 
phosphatase have been isolated so far, the lmear 
order of the mutation sites has been established by 
a very interesting use of the transfer of genetic 
material during bacteiial conjugation Unfortunately 
only one of the thirteen mutants produced a recogniz- 
able modified phosphatase protem Both the normal 
and the abnormal enzymes have been isolated, and 
their structure is now being studied Future develop- 
ments along this line of research will be watched 
with great interest 
In bacterial systems, genetic analysis ıs ahead of 
chemical knowledge In man, on the other hand, 
where genetic analysis is at a great disadvantage, 
brilhant success has been achieved on the chemical 
side J Hunt (Cambridge) 1eviewed the main results 
obtained by the Cavendish Laboratory group on the 
structure of abnormal hemoglobins This work will 
undoubtedly become a classic of genetics and bio- 
chemistry Hemoglobins S and C differ from the 
normal protem in only one detail the replacoment 
of, one glutamic acid m^ the 8 chain by valme or 
lysine respectively Hemoglobm Æ differs from 


normal hemoglobin by the replacement of another 
glutamic residue by lysme , in hemoglobm G, still 
another glutamic is replaced by glycme Thus 
genetic cuffevenees presumably arismg from muta- 
tions can iesult in the replacement of individual 
amino-aeids at specified places ın the polypeptides 

J Hunt further described in detail his recent work 
on foetal hemoglobin He has shown that one of the 
two polypeptide chains of foetal haemoglobin (chain a) 
is 1dentical with that of normal adult hemoglobin 
This discovery opens new perspectives and will 
certainly give important information on the mech- 
anism of the genetic control of piotem structure, 
fo: here is a simple case of differentiation at the 
molecular level The structure of footal hemoglobin 
of infants carrying genes of abnormal adult hæmo- 
globins will be very informative It might indicate 
whether the switch from foetal to adult hemoglobin 
durmg development results from the mhibition of 
the activity of a gene and the unveilmg of another 
gene, or whether the change occurs somewhere 
between the gene and the protem-makmg system 
and consists in a change of expression of the same 
gene 

Other aspects of the control of the synthesis of 
speerfic proteins were discussed by B  Magasanik 
(Harvard University), who considered the phenomena 
of enzyme induction and 1epression and the function 
of ribonucleic acid m the synthesis of bacterial pro- 
tem B. Magasanik reported results obtamed m his 
laboratory on various mutants which require ammo- 
acids, nucleic acid precursors, or certam energy 
sources By a very ingenious use of these mutants, 
several aspects of the correlation between ribonucleic 
acid content and level of protem synthesis were 
checked Incieased rate of protem synthesis goes 
together with an increased content of the bacteria in 
both soiuble ribonucleic acid and ribosome ribonucleie 
acid This is comparable to the well-known relation 
found m higher organisms Studies on ribonucleic 
acid and piotem synthesis durmg adaptation, 
especially m ‘diauxie’ experiments, indicate that the 
synthesis of new ribonucleic acid does not accompany 
enzyme adaptation The iesults are compatible with 
a catalytic function of 11bonucleie acid in protem 
synthess, and with the view that induction and 
repression of enzyme synthesis rest upon the control 
of the activity of pre-existing protem-forming centres, 
rather chan on the formation or destruction of such 
systems 

The existence of specific ribonucleic acid molecules 
capable of carrying some sort of genetic information 
is established by the discovery that pure virus ribo- 
nucleic acid 1s able to cause imfection Present 
knowledge on the structure of tobacco mosaic virus 
was summarized by H Fraenkel-Conrat (University 
of California), who presented results of his current 
work on the molecular size of the virus ribonucleic 
acid End-group determmation in the vnus acid by 
a combination of tracer methods with specific 
enzymic degradation and controlled chemical oxida- 
tion indicates that each virus particle might contam 
one single molecule of ribonucleic acid made up of 
some 6,000 nucleotides in one chain The polypeptide 
cham of the virus protein contams only about 
150 ammo-acid residues It would seem, therefore, 
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that the ribonucleic acid of the virus is large enough 
to carry much more information than that which is 
required for controlling the primary structure of tho 
protem unit contamed in the finished virus This 
raises several problems for future research H 
Fraenkel-Conrat also reported very interesting results 
on a special state of the virus ribonucleic acid at 
the beginning of mfection 

Another approach to the spemfc function of 
ribonucleic acid in protem synthesis is the artaficial 
modification of the structure of the acid This has 
been done by chemical means in the case of virus 
ribonucleic acid In bacteria, composition of the acid 
can be changed by growing the organisms m the 
presence of analogues of the normal purines or 
pyrimidines F Gros (Institut Pasteur, Paris) gave 
a very clear account of research on the effects of 
fluorouracil on protem synthesis m E coh Incor- 
poration of all the mdividual ammo-acids does not 
respond in the same way to fluorouracil For example, 
the 1ncorporation of proline and tyrosme 1s depressed 
whereas that of arginine is stimulated These changes 
appear to reflect, qualitative as well as quantitative 
modifications 1n the protein equipment of the organ- 
ism, mdicating that the analogue may actually 
interfere with the agents which control protein 
structure A phosphatase formed m the presence 
of the analogue has a normal enzymic activity 
although ıb contams less prohne than the normal 
enzyme, thus ıt is probably shghtly modified'at a 
place which 1s not mmportant for the catalytic pro- 
perties of the protem On the contrary, @-galactosidase 
synthesis 1s abolished and replaced by the formation 
of some related mactive protem It is striking that 
fluorouracil specifically reduces the fixation of proline 


PROGRESS IN GAS 


N informal symposrum of the Gas Chromato- 
graphy Discussion Group (associated with the 

Hydrocarbon Research Group of the Institute of 
Petroleum) was held at the University of Bristol on 
September 25 under the chairmanship o£ Mr C 8 G 
Phillips 

Dr F H Pollard commented on the enthusiasm 
and free mterchange of ideas among workers in 
this field which was undoubtedly responsible for 
the present advanced state of the art Havmg 
regard to the success achieved by him im the field 
of morganic separations by paper chromatography, it 
was not surprising that he should mention the possible 
separation of such materials by gas chromatography 

The outstanding feature of the meeting was the 
demonstration by Mr R P W Scott of the 
presentation of gas chromatographic data with a 
high-persistence cathode 1ay tube With capillary 
columns 15 18 possible to effect separations at speeds 
much greater than the response of conventional 
reeorders, and m order to take full advantage of the 
technique im its appheation to kinetie and other 
studies a means of high-speed recording ıs essential 
Mr Scott, usmg a 70-ft column, demonstrated 
separations of 100°C bouing-range samples in less 
than 1 mm with his apparatus which, inclusive 
of automatic repetitive sample injection system, cost 
less than £80 for materials 

The discussion which followed a paper by Mr 
C L A Harbourn on quantitative determmations 
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and of tyrosme on soluble mbonucleie acid at the 
same tıme as it reduces the mcorporation of these 
same amino-acids into the protems This indicates 
that soluble ribonucleic acid plays an important part 
in the specificity of protem formation These results 
also support current views according to which 
activated amino-acids are bound to soluble mbo- 
nucleic acid before condensing mto polypeptides 

T Hulin (Wenner Gren Institute, Stockholm) 
reported observations on animal tissues which indicate 
that another pathway of amino-acid incorporation 
might exist beside that passing through soluble ribo- 
nucleic acid That the latter must also be operative 
was shown by several of his results which agree with 
the classical scheme However, he obtamed, by 
means of new techniques of isolation of ribosomes 
and by fractionation of supernatant preparations, & 
system in which ammo-acids are incorporated into 
proteins in the particles m the absence of soluble 
ribonucleic acid <A protem of the supernatant 1s 
required for incorporation with this system Protem 
synthesis which can occur m isolated mitochondria 
or nuclei appears to depend on the presence in these 
cell organelles of particles closely resembling the 
ribosomes of the cytoplasmic ground substance 

Of great benefit to the meeting was the presence 
im the audience of biochemists from different countries 
who had taken part a few days before in Brussels m 
the Solvay Conference on Nucleoprotems All the 
lectures were followed by very good discussions 
The meeting was closed by a general discussion 
which concerned the function of the various 
ribonucleic acid fractions, the transfer of information 
from gene to protem, and codmg problems 

H CHANTRENNE 


CHROMATOGRAPHY 


showed that this aspect of the subject ıs one that 
affects most users of the technique As yet, however, 
if one uses the published hterature as a guide, ıt 
would appear to have received very little attention 
The well-prepared paper covered methods of peak 
measurement, sources of error and repeatability of 
calibration, mternal standard, and normalization 
methods, and mterpretation of unresolved peaks 
Recent developments in integrators and the use of 
analogue computers and tape recorders were also dis- 
cussed 

Some of the practical aspects of the measurement 
of retention volumes were dealt with by Dr G W A 
Rijnders, and Dr © R Patrick mentioned some of 
the problems attached to ‘scalmg-up’ analytical 
columns to sizes capable of handling up to 10-gm 
samples The values of height equivalent of a 
theoretical plate (H. E T P) merease and the much 
higher volumetric flow-rates necessitate modifications 
to the design of hot-wire detectors Mr D H Desty 
read a paper by Dr J Janak, who unfortunately was 
unable to be present, desenibing the application 
of gas chromatography to the identification of 
structure of involatile substances by pyrolysis and 
subsequent analysis of the products 

Members attending, among whom were some from 
the United States and Europe, were able to inspect 
and see working a good selection of the commercial 
mstruments now available for laboratory and process 
control work C G Scorr 
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ORIGIN AND DISPERSAL OF FLOWERING PLANTS 


TOTAL of no less than thirty-nime papers 
presented at the Montreal Nmth International 

Botanical Congress durmg August 19-29 dealt 
directly or mdwectly with the origm and dispersal of 
flowermg plants, providing a modern commentary 
on these two long-standmg fundamental questions 

A review of the evidence for a pre-Cretaceous 
origin. was given in two invited papers before a jomt 
symposium of the paleobotany and morphology 
and anatomy sections In the first of these A J 
Eames, discussmg morphological testimony for a 
Paleozoic origm, mamtamed that studies m the 
Ranales showed that the primitive flower was bi- 
sexual and beetle-polhnated, that unisexualty and 
dicecism accompanied by insect pollination, then 
anemophily and the elaboration of simple sporophylls, 
were major advances which must have required long 
periods of tıme These steps had already been taken 
before the Lower Cretaceous Eames suggested that 
the search for ancestral angiospermous stock might 
agam be directed towards the late Paleozoic ferns, 
even possibly the homosporous ones Besides the 
evidence from comparative anatomy, there was direct 
evidence in the form of pollen, wood and leaf 
impressions from the Triassic and Jurassic 

L Van der Pyl opemmg the Darwin Centennial 
Symposium, considered that the angiosperm flower 
must have differentiated m contact with beetles, 
already present m the Permian, whereas insects are 
not common unii the Cretaceous Persisting traces 
of beetle pollmation, he pomted out, are found m 
extant groups V Grant, m an account of the diver- 
sity of pollination systems in tke Polemoniaceae, 
appeared largely to concur with Van der P1jl’s view 
of the primitive flower In different papers, A S 
Foster described how certam herbaceous ranalean 
forms might represent an early angiospermous type 
with dichotomous venation, W N Stewart pro- 
posed that Conrad’s monophyletic classification of 
vascular plants be revived, despite the recent trend 
towards a polyphyletie one 

The difficulties inherent m the discovery of paleo- 
botanical evidence of angiospermous origins were 
illustrated by N EH Hughes, who demonstrated 
Jurassic probably gymnospermous pollen, and by 
W G Chaloner, who described how carboniferous 
plants with spores which could be found occurring 
commonly could nevertheless be poorly represented 
as macro-fossils On the other hand, ın a paper on 
Paleozoic marme sequences from New York and 
Australa, W R Evitt further documented the anti- 
quity of vascular plant stocks 

In the second invited paper of the first symposium 
D I Axelrod dealt primarily with a third lme of 
evidence, namely, modern distribution patterns He 
illustrated with tables the preponderance of familhes 
entirely or largely tropical or with a large tropical 
section Basic distribution patterns which emerged 
were tropical, tropical and extra-tropical, boreal or 
austral , dry and temperate derived Such evidence, 
Axelrod considered, favours the supposed existence 
of angiosperms in tho later Paleozoic m upland 
tropical regions where they underwent quantum 
evolution 

Many biosystematie, palynological and paleological 
papers dealt to a greater or lesser extent with flower- 


mg plant distribution E Hulten, openmg a sym- 
posum on alpigenous and arctogenous plants with 
specific illustrations of various types of cirrcumpolar 
evolution, pomted out that mereasmg knowledge of 
this kind provided further material for Quaternary 
phytogeography W A Weber directed attention 
to the southern survival of many arctic and sub-aretic 
species, more especially mn the Colorado Rocky Moun- 
tams Dahl, considermg amphi-Atlantie arctic- 
alpme plants, discussed evidence for ther migration 
across a Phocene or Pleistocene land-bridge Dahl 
suggested that the West Arctic Scandinavian species 
survived the last ice-age m. coastal refugia rather than 
in Central Europe A Tolmatchev, in an abstract, 
stated that the Arctic flora was first formed in the 
PPhocene-Pleistocene, from indigenous elements in 
the treeless areas on mountain summits and slopes 
and sımılar open habitats T W Bocher held that 
most arctic or montane species groups are probably 
of Tertiary origm, but that considerable speciation 
occurred withm these groups m the Quaternary, 
supported by geographical or genetical barriers 
J <A Calder, discussmg post-Pleistocene  distribu- 
tions in British Columbia, suggested that extensive 
refugia had existed m Alaska, the Yukon, also in 
the mountains of west Mackenzie and the Queen 
Charlotte Isles durmg the period of maxrmum 
glaciation 

On. modern montane distributions, K O Hedberg 
described the Afro-alpme flora as a complex derived 
from Mediterranean, Himalayan, South Afiican and 
Temperate, besides Tropical African floras, and which 
had probably existed since the Miocene J K Morton 
found a higher meidence of polyploidy ın the Car- 
eroons mountam flora than ın lowland Ghana, I 
Manton, ın a presentation otherwise restricted to ferns, 
referred to this Cameroons flora as an “sland” one, 
comparable with that of Ceylon m respect of the 
occurrence of polyploidy C Favarger described how 
the incidence of polyploidy ın Switzerland ın certam 
alpme groups comeided with a floristic subdivision 
G S Puri considered that durmg the Pleistocene 
glaciation the Himalayas were mvaded by conifers, 
so that pure conifers or oak-conifer seral stages may 
now be found there alongside oak climaxes In an 
abstracts B Pawlowski stated that there could have 
been many survivors of an endemic Tertiary flora 
on the east and some on the west of the Carpathians 
P Gorchakovsky similarly described how, apart from 
endemucs, the Ural flora was composed of relies from 
pre-Glacial broad-leaved forests and glacial ones, 
from mountam steppe of Asiatic origm and from 
Pleistocene high mountain relies of Asiatic and of 
Siberian origm 

Dealing with restricted aspects of modern temperate 
floras, A J Sharp thought that much of the flora of 
the newer coastal plains of Tennessee and the glaciated 
terrain, to the north were segregates of a more ancient 
flora of the Southern Appalachian highlands L 
Laasuner divided the flora of Estoma into East 
Baltic, related to eastern Europe and West Baltic to 
Central Europe, respectively A A Beetle discussed 
how, ın the southern part of central Wyoming, 
differences in grass distribution were due to differences 
in the age and origm of the various species In the 
Cretaceous, the Tethys Sea, by dividing the Old 
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World climates, estabhshed contiasts between the 
predommantly tropical panicoid and the predomi- 
nantly temperate festucoid grass types Describing 
the phytogeography of Chinese species of Fravinus, 
Shiu-Ying Hu stated that one species of a primitive 
group extended to Sumatra, two species from 
west and central China have close affinities with 
north American species, one from north Chma 
and one from Yunnan are close to European 
species 

For tropical floras, A Liogier held that Cuba, 
although tropical, drew most of its species from sub- 
tropical and temperate North America The present 
Cuban distributions suggest that the bulk of the 
flora came chiefly from South America through 
Central America during the Mesozoic and Cainozore, 
when Cuba and Jamaica were united with Honduras 
L B Smith described how the flora of south Brazil 
had its greatest source m central Brazil, there bemg 
continuous linkages with the Amazon, Andes and 
Argentine, discontmuous ones with the Amazon, 
North America, the Andes and Africa The moun- 
tamous and the low-lymg floras of tropical America 
were considered by F Miranda to have had a gieater 
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diffusion in past Tertiary periods These floras were 
partially dommated later m tropical zones by a more 
macrothermic flora, and almost elimmated m North 
America by a more muicrothermic one 

Papers were provided by K A Chowdhury, E 
Dorf, W L Fry, J Gray, T Jimbo and K Rasky, 
describing angiosperms m varous Tertiary floras 
of India, Wyommg, Canada, Oregon, Japan and 
Hungary respectively C A Arnoldand J S Lowther 
and J F Grayson and R L Pierce illustrated the 
low representation of angiosperms m two American 
Cretaceous floras L A Kuprianova described how 
palynological studies suggested that Liquidambar 
already occurred in the Upper Cretaceous, that rb is 
not a typical representative of the Arcto-Tertiary 
flora, and mdicated ancient floral relationships 
between the Mediterranean, Central America and 
Eastern Asia In a paper to the Taxonomy Section, 
J Ewan reminded botanists that zoogeographical 
data may prove illummnating m the mterpretation of 
existing floristic patterns, citing examples includmg 
that of the wood rat which persists together with 
the relict Sierra Madrean flora on outlymg Rocky 
Mountain summits A S Bovaury 


THE NATIONAL HEALTH SERVICE IN BRITAIN 


HE Acton Society Trust has produced a valuable 

survey of the National Health Service m Britam 
prepared by Sir George Schuster" Part of the report 
18 & discussion of the general problems of leadership 
in a State service, this has been dealt with else- 
where (see Nature, Octobe: 10, p 1087). 

Sir George then returns to the National Health 
Service itself He starts with two personal observa- 
tions With keen appreciation of the achievements of 
the National Health Service in Britam m these first 
ten years, and the belief that too little was far better 
than too much mterference from the central authority, 
he believes that the time has come for a general over- 
haul and tunmg-up of the administrative machine, 
for an interpretation of the lessons to be learned from 
the practical experience of these first ten years, and 
for a new effort, m the hght of this practical experi- 
ence, to understand what 1s required to ensure that 
the National Hospital Service can meet the true 
needs, individual and social, of the people of Britam 
m these times Secondly, writing as one desperately 
anxious to seo the best use made of this fine Service, 
he emphasizes the immense burden of current routine 
work now falling upon the senior staff of the Ministry 
This has left them with far too httle time to attend 
to many of the things he suggests need to be 
done 

This matter of overburdening the senior officials 1s 
not confined to the Health Service, and although its 
seriousness has often been admitted smce the War, 
there 18 httle mdication that much has been done to 
reheve the situation All these, however, are matters 
that could bear closely on the work of other sections 
of the pubhe service, where the admunistration of 
Tughly techmcal matters and the contiol of technical 
and professional staffs are mvolved It is to such 
major issues that Parhament might well have been 


* Creative Leadership in a State Service a General Survey 
{Hospitals and the State Hospital Organization and Administration 
under the National Health Service, Sixth and Final Research Paper ) 
Pp i480 (London Acton Society Trust, 1959) 4s 


expected to give its attention; but apart from Sir 
Keith Joseph’s reference to the need for a research 
or planning staff in the Mimstry, they were unnoticed 
in the House of Commons debate on the National 
Health Service on July 15 

It ıs the quality of Sir George Schuster’s thought 
and the character of his appioach rather than his 
particular proposals that are of most general interest 
While he has always conceived of the hospital service 
as a geat fightmg service, m which the heads of 
hospital boards should be entitled to expect fiom the 
Ministry somethmg like the leadership and direction 
which army commanders would get from their com- 
mander-in-chief and his general headquarters, he 
stresses the paramount mnportance of keeping the 
hospital service human Inadequate leadership, 
mefficient management, muddled organization can 
destroy all possibility of the workers in the service 
getting satisfaction from then work m a manne: that 
keeps alive ther enthusiasm and fulfils a sense of 
vocation This, however, 1s an essential element m 
providmg what the patients themselves require above 
all—efficient curative treatment—and Sir George 1s 
well aware that good organization 1s only a means to 
an end and he reminds us that m the widest sense 
the welfare of the patients means taking into account 
their comfort, peace of mind and all the psychological 
and social mrmplieations of stays in hospital 

Sir George does not devote space to the considera- 
tion of these issues He 1s content to note them among 
the great needs and opportunities m this service 
which call for a combination of hard-headed admunis- 
trative efficiency, highly developed working skills, 
single-hearted pursuit of scientific knowledge and 
human kmdness There are other fields m which the 
demands are no less, and even 1f m them ıt might be 
too much to assert that without human kindness 
the true purpose and value of the work must fail, 
without it full success or true efficiency are hafd 
to achieve 
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Sir George: beheves, however, that a Government 
department can function as the directing authority 
of a great operating service like the Hospital Service 
m Britain, and the vast expenditure involved could 
not and should not be removed from the direct 
control of a Mmuster responsible to Parhament If, 
however, the Hospital Service is to remam the 
direct responsibility of a Mumster and a Govern- 
ment department, Sir George considers that more 
attention must be given to the staffing of that 
department and to the arrangements for haison 
between it and the decentralized formations, and 
that a central mtelligence organization, must be pro- 
vided Further, he suggests that on all three pomts 
lessons can be learned from the experience of other 
Government departments which have responsibilities 
in relation to operating services 

On the first point, he does not see how the Mmistry 
ean give the understandmg leadership which 18 
required unless the highest posts on its staff are held 
by officers who have had practical experience of 
hospital admimstration at operational level, and in 
support of his argument he quotes the staffing 
arrangements of the Fighting Service Ministries and 
of the Colonial Office Sir George pays tribute to the 
value of the work done by many officers appomted 
before such experience was available, and he does not 
advocate immediate wholesale change but rather 
exchanges of staff on the Imes of the Colonial Office 
arrangements His stress is laid on the quality of 
the officers available to fill the various posts and the 
need m the National Hospital Service for new 
administrative skills, for which there 1s at present 
no readily available source of supply ‘Thus last, as 
he recognizes, 18 a need which often occurs elsewhere 
to-day as a result of modern development, and the 
Hospital Service must take deliberate action to meet 
this need as private enterprise has done in the field 
of industry 

It might be observed here that if this need for 
statesmanship is to be met m the Health Service, m 
mdustry, or elsewhere, those who meet that need 
must be treated as statesmen There 18 no place for 
tho type of party politics which seeks to misrepresent 
opponents or those who may be entrusted with the 
execution of schemes or policies which are not m ime 
with party doctrme It is significant that ın sup- 
porting the Acton Society Trust’s proposal that the 
Minister m charge of the Health Service should have 
a seat in the Cabinet, Sx George stresses the danger 
of frequent change of office, and hus own proposals 
would make the chief permanent official m the 
Muustry a professional man : 

This does not mean that Sir George 18 hero advo- 
cating that the expert should be permanently at the 
top, but his suggestion goes far beyond the clam 
that the expert should be considered for the highest 
admumustrative posts It ımphes that the expert by 
virtue of his expertise 1s particularly suited to supply 
the type of speciahzed admimstration needed He 
must, of course, possess admunistrative capacity 
there ıs nothing ın Sir George Schuster's pamphlet to 
countenance ineompetence m management or ad- 
mumstration, but much to stimulate more thought 
about the way m which to meet the need for 
admimstrators and the type of tramung and exper- 
ence they should recerve 

On the second point, that of liaison between the 
Ministry and the hospital authorities, Sir George 
suggests that there are lessons to be learned from the 
best traditions of the mspectors of schools under the 
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Mimstry of Education, but here agam Sir George 
pleads for constructive thinking and reframs from 
specific proposals Hus stress on Joint consultation 
at the centre and once agam on the quality of the 
haison officers clearly has mmpleations far beyond 
the Health Service, and his strongest criticism 18 
reserved for the perfunctormess with which liaison. 1s 
often treated Positive measures and constructive 
thought are always required to provide an effective 
two-way flow of ideas 

Sir George Schuster’s major proposal ıs m regard 
to hs third pomt and, m Ime with a main recom- 
mendation of the Guillebaud report, he recommends 
the establishment of a central mtelligence and 
statistical department This, however, should be an 
integral part of the executive, with its own creative 
role as a detector of problems and a productive 
source cf wisdom Sir George has in mind something 
on the lines of the Office of Special Enquiries and 
Reports under the direction of Michael Sadler at the 
Ministry of Education, equipped with an intelligence 
staff which would keep under constant review the 
development of hospital practice, m its social as well 
as its medical setting, m Birtam and other countries, 
and winch would publish a series of reports which 
might be accepted throughout the world as authori- 
tatrve With such a staff the Ministry could not only 
carry out its own investigations, but could also 
provide valuable stimulants to work by the hospital 
authormes Particularly in its social aspects, the 
research here required needs central guidance and 
co-ordmation, and Sir George’s own experience as 
charman of a regional hospital board has convinced 
him of the great flow of evidence of chnical, human 
and socia] mterest which requires recording, co- 
ordmation and mterpretation 

Beyond this Sir George points to the need for 
creative thought, such as demands the services of 
men of wisdom and comprehension, combined with 
knowledge of medical affars How to produce such 
men and women 1s one of the real challenges which 
this rapidly changing world makes on professional 
organizations to-day, and there ıs much mdeed m 
Sir George Schuster's comments that deserves careful 
study by professional men and women of professions 
other than that of medicme So far as the National 
Health Service m Britain is concerned, Sir George 
Schuster’s investigation suggests that this is very 
seriously understaffed as regards first-class adminis- 
trators m comparison with large mdustrial organiza- 
tions, and some improvement heie may well be the 
first step required to implement his more specific 
proposals to remedying the alleged weakness of the 
voluntary commuttee system and to promote the 
intensive expert study of the hospital cost stiucture, 
the full use of efficiency techniques by the hosprtal 
authorities, mcludmg the mtioduction of work-study 
methods, and the application of operational research 
to some of the problems of the hospital service 

These last are clearly proposals limited specifically 
to the Hospital Service and to some of them an 
interested group of members of Parhament 1s already 
giving attention The Mimster of Health has stated 
that the Mimstry’s present experimental organization 
and methods unit is to be enlarged and made per- 
manent, and that he has accepted the offer of a group 
of management consultants to undertake a series of 
surveys, at ther own expense, to demonstrate the 
economies and improvements in efficiency which 
eould be achieved in the hospital service by work 
study 
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PREVENTING JUVENILE DELINQUENCY 


EVERAL yeais ago the United States Children’s 
Bureau, as part of its programme on juvenile 
delinquency, published a report about the effective- 
ness of measures m delinquency prevention The 
analysis was based on evaluative studies conducted 
over the previous twenty-five years or so 
The review led to the conclusion that programmes 
for the prevention of juvenile delinquency had not 
been notably effective This conclusion was tempered 
by two facts Fust, few programmes, relatively 
speaking, had been evaluated, and most of those 
not adequately Secondly, many of the evaluative 
studies were out of date since they dealt with pro- 
grammes and methods that to-day might not be 
considered the best Moreover, there were hints that 
good results had been achieved with certam types 
of delinguent children im certam circumstances 
This was notably the case m child guidance work 
and was perhaps also true of the kind of neighbour- 
hood work associated with the name of Chfford 
Shaw 
Some of the newer programmes and methods 
seemed, however, to grve promise of more favourable 
findmgs Among those mentioned m the report were 
various devices for ‘reachmg out’ to youngsters and 
their parents with services they were unlikely to seek 
for themselves, for example, group work with 
delmquent and predelinquent gangs, case work or 
group work with ‘resistant’ famihes These and 
other newly devised programmes seemed to be suc- 
eeedmg where older ones had faled and to be 
benefiting both from the experience of them pre- 
decessors and from recent advances in knowledge 
about human behaviour and motivation 
In an issue of the Annals of the American Academy 
of Poltiwal and Social Science, measures of delm- 
quency prevention and their effectrveness are con- 


tinued with reports fiom practitioners and research 
workers who have been closely associated with these 
efforts (322, March 1959) 

The mos striking change, accordmg to Helen L 
Wilmer, of she US Department of Health, Education 
and Welfare, 1s m the level of sophistication shown 
in the reports This is shown in the way the work 
with delmquent youngsters and their parents is 
carned on, in the psychological and sociological 
knowledge underlymg the work, and in the methods 
employed in its evaluation Much has been learned 
in all these areas in recent years These articles show 
programmes of delmquency prevention both bene- 
fiting fiom that advance and contributing to it 

Perhaps the most mnportant contribution of this 
series of articles hes in the picture ıt provides of the 
lands of young people who are likely to become 
chromeally delmquent and of the kinds of homes and 
neighbourhoods they hve m The picture is not a 
new one but is drawn in a way that reveals, more 
vividly than usual, the fears, the discouragement 
and the wish to be like other people that characterize 
these young people and ther parents The treatment 
measures described, both those that would improve 
the environment and those that are directed toward 
the individuals, take ther direction from this know- 
ledge The knowledge itself 1s rooted both m the social 
sciences and m psychology and demonstrates ther 
mterrelatedness 

The articles deal with small programmes and, in 
part, short-lived efforts Few of them report scien- 
tifically established results Nevertheless, m their 
conception of what needs to be done and in their 
suggestions for some ways of domg ıt, they hold the 
hope that the problem of delinquency can be reduced 
if communities are willmg to put the effort required 
ito the work 


THE ORIGINS OF LOVE 


SYCHOLOGISTS, sociologists and anthropologists 
commonly hold the view that the infant learns 
to love through the association of the mother’s face, 
body and other physical characteristics with the 
alleviation of internal biological tensions, particularly 
hunger and thirst Psycho-analysts have tended to 
emphasize the importance of attammg and sucking 
at the breast as the basis for affectional development 
Recently a number of child psychiatrists have 
questioned such simple explanations Some argue 
that affectionate handling in the act of nursing is 
a variable of ımportance, whereas a few workers 
suggest that the composite activities of nursing, 
contact, clinging and even seemg and hearmg work 
together to elicit the infant’s love for his mother 
It is difficult, if not umpossible, to use human 
infants as subjects for the studies necessary to break 
through the present speculative impasse For several 
years a group at the Primate Laboratory of the 
University of Wisconsin has been usmg baby rhesus 
monkeys m a study that has begun to yield sig- 
nificant msights into the origin of the mfant’s love 


for his mother 
Harry F Harlow* 
The interest in infant-monkey love grew out of a 
research programme that mvolved the separation of 
monkeys from them mothers a few hours after birth 
The investigazors were rmpressed by the deep personal 
attachments that the monkeys formed for the diaper 
pads, and by the distress that they exhibited when 
the pads were removed briefly once a day for the 
purposes of sanitation The behaviour of the infant 
monkeys was remmiscent of the human infant’s 
attachment to its blankets, pillows or rag dolls 
These observations suggested a series of experiments 
to compare the importance of nursing and all asso- 
ciated activities with that of simple bodily contact 
in engendering the infant monkey’s attachment to its 
mother Two surrogate mother monkeys were 
prepared Ono is a bare welded-wire cylindrical form 
surmounted by a wooden head with a crude face 
In the other the welded wire is cushioned by a 
sheathing of terry-cloth Eight new-born monkeys 
* Scentifie American 200, 6, June 1959, 
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were placed in mdividual cages, each with equal 
access to a cloth and a wire mother Four of the 
infants received. ther mulk from one mother and four 
from the other, the milk bemg supplied 1n each case 
by a nursing bottle, with its nipple protrudmg from 
the mother’s ‘breast’ 

The two mothers quickly proved to be physiologic- 
ally equivalent The monkeys in the two groups 
drank the same amount of milk and gamed weight at 
the same rate But the two mothers proved to be 
by no means psychologically equivalent Records 
showed that both groups of fants spent far more 
time chmbing and chnging on ther cloth-covered 
mothers than they did on them wire mothers As the 
monkeys grew older, they tended to spend an increas- 
ing amount of time clinging to and cuddling hei 
plant terry-cloth surface Those that secured ther 
nourishment from the wne mother showed no 
tendency to spend more time on her than feeding 
required, contradicting the idea that affection 1s a 
response that 1s learned or derived in association with 
the reduction of hunger or thirst These results 
indicate the importance of bodily contact and the 
immediate comfort ıt supphies ın formmg the infant’s 
attachment for its mother, the cloth-covered 
mother surrogate 1s an eminently satisfactory mother 

The time that the mfant monkeys spent cuddling 
on their surrogate mothers was a strong but perhaps 
not conclusive index of emotional attachment Would 
they also seek the manimate mother for comfort and 
security when they were subjected to emotional 
stress ? With this question in mind the monkey 
infants were exposed to the stress of fear by presenting 
them with strange objects, for example a mechanical 
teddy bear which moved forward, beatmg a drum 
Whether the infants had nursed from the wire or the 
cloth mother, they overwhelmmgly sought succour 
from the cloth one, this differential m behaviour 
was enhanced with the passage of time and the 
acquisition of experience All tests show that the 
infant monkey’s relationship to its surrogate mother 
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is & full one Comparison with the behaviour of 
infant monkeys raised by their real mothers confirms 
this view 

While bodily contact clearly plays the prime part 
m developing infantile affection, other types of 
stumulation presumably supplement its effects <A 
search has been made for these factors Western 
culture parents appreciate that rocking a baby or 
walking with him somehow promotes his psychological 
and physiological well-bemg The responsiveness of 
infant monkeys to two cloth mothers, one stationary 
and one rocking, was now compared All preferred 
the rocking mother, though the degree of preference 
varied considerably from day to day and from monkey 
to monkey Motion does appear to enhance affection, 
albert far less significantly than simple contact The 
act of clinging, m itself, also seems to have a role in 
promoting psychological and physiological well-bemg 

Still other elements in the relationship remain to 
be investigated systematically The warmth of the 
mother’s body would appear to play its part in 
strengthening the infant’s ties to the mother Obser- 
vations have not yet confirmed this hypothesis 
Heating a cloth mother does not seem to increase 
the attractiveness of the mother to the infant monkey 
and infants readily abandon a heatmg pad for an 
unheated mother surrogate Visual stimulation may 
forge an additional lnk {It is also possible that 
particular sounds and even odours may play some 
part m the normal development of response or 
attention 

The depth and persistence of attachment to the 
mother depend not only on the kid of stimuli that 
the young animal receives but also on when it 
receives them Expermments with ducks show that 
imprinting ıs most effective durmg a critical period 
soon after hatching , beyond a certain age ıt cannot 
take place at all From prelummary experiments with 
monkeys ıt has been found that ther affectional 
responses develop, or fail to develop, according to a 
similar pattern 
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NORTH-SOUTH ANISOTROPY AND ANTICIPATORY INCREASE 
OF INTENSITY ASSOCIATED WITH THE COSMIC- 
RAY STORM OF FEBRUARY II, 1958 


By Dr V SARABHAI* 


Physical Research Laboratory, Ahmedabad, India 
AND 


R. PALMEIRA 


Laboratory for Nuclear Science, Massachusetts Institute of Technology, Cambridge, Mass 


"T. time variations of cosmic rays have been 
measured during the International Geophysical 
Year with standard mstruments at a large number 
of places on the Earth, and several studies have 
been made of the energy dependence of the primary 
variations and the anisotropy which 1s often associated 
with primary variations of mtensity From an 
examination of Forbush-type decreases, Fenton, 
Fenton and Rose! have come to the conclusion that 
the cause of the transient intensiby decreases 16 
variable m its energy dependence from a few BeV 
io more than 30 BeV The variation in response to 


* Sometime guest of the Massachusetts Institute of Technology 


transient decreases observed with sumilar equipment 
at different stations suggests that a primary aniso- 
tropy is present at these times Lockwood? has 
examined the detailed structure of several Forbush- 
type decreases in the intensity of local neutrons 
durmg 1955-58 He finds that ın most of the decreases 
there was a magnetic storm at the onset Flare 
activity durmg the preceding 30 hr was high and 
there was some mdication of an intensity maximum 
durmg the 12-hr period preceding the start of the 
decrease He comments that such an anticipatory 
effect might be due to the albedo of the moving 
magnetic gas cloud, but that further results are 
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Table 1 CHRONOLOGY OF EVENTS ASSOCIATED WITH THE FORBUSH DECREASE OF FEBRUARY 11, 1958 
AC and AH respectively indicate the change of cosmic-ray intensity (GR) and of the horizontal component of geomagnetie fleld at Virgima 
Date UT Solar event ur Terrestiral effect Cosmic ray features 
9-2-58 0207 *2* Flare Radio fade-out 
2053- Type III and 
2120 Type I radio bursts 
2139 *2* Flare E04 $20 Radio fade-out 
10-2-58 1325 *2* Flare with major burst Radio fade-out 
radio noise W67, S12 
2100 CR maximum (1) Anticipatory increase at equator 
+ ACR +1 per cent only related to high energy 
11-2-58 0120 SC storm 
0126 + AH, — AC (2) Decrease starts at high latitudes 
J 0130 Aurora 
0154 + AH, — AC 
0300 CR minimum (3) 0300 minimum at equator 
(4) 0500 minimum in mesons 
0622 X-ray AH = 0 
0635 Maximum absorption, gal- 
actic noise of 18 Me /s 
(5) 0700 mimmum at high latitudes 
0730 X-ray ends 
0850 X-rayand AH (6) Increase commences 
1000 Maxima aurora 
1100 CR maximum Seenininstruments with high and 
low energy response Not 
observed in stations m 120° E 
belt, nor in the southern 
" hemisphere 








needed to substantiate any anticipatory effect 
McCracken and Parsons? have made a very interest- 
ing analysis of a Forbush-type event which occurred 
on October 21, 1957 They found that there was a 
preliminary depression prior to the commencement 
of the Forbush decrease and they comment that ıt 
was not due to the arrival of solar matter at the Earth 
since ıt occurred before the magnetic disturbances 
They conclude from studies made at several stations 
that the prelimmary depression must be attributed 
to a cause located at some distance from the Earth, 
and smee rt ıs not observed simultaneously at all 
stations its explanation requires some rather special 
form of short-lived primary anisotropy McCracken‘ 
has analysed the anisotropy of a number of Forbush- 
type decreases which were preceded by decreases 
Yoshida and Wada’ have directed attention to m- 


Table 2 PARTICULARS OF COSMIC-RAY NEUTRON MONITOR STATIONS 
USED IN ANALYSIS 


Code Station Geog Geomag Investigator 
Lat Lat Long 
A Murchison 80°N 76N 18E Dr E E Sandstrom, 
ay weden 
B Churchill 50°N 69°N  94*W Dr D O Rose, Canada 
€ Leeds 59^ N 57°N 0? Dr J G@ Wilson, England 
D SulphurMt 51°N 58°N 115^W Dr D C Rose, Canada 
E Weissenau 48°N 49°N 9E Dr A Ehmert, Germany 
E oat 45°N 57°N 76°W Dr D C Rose, Canada 
ori- . 
kura 86°N 26°N 187°E Dr Y Miyazaki, Japan 
A Kolaikanal 10°N 1?*N 77E Dr V Sarabhai, India 
akerere 
College 0? 9*8  32?E Dr D M Thomson, Uganda 
J Lae °S 16°S 147°E Dr A G Fenton, Hobart 
K Huancayo 12°S 1'8 75°W Dr J A Simpson, Chicago 
L Hermanus 34°S 38°8 19°E Dr A M Vanwijk, Her- 
manus 
M Mt Well- 
-mgton 418 45°S 147 E Dr A G Fenton, Hobart 
N Invercargill 408 52°S 168" E Dr ae, Ryder, New 
ealan 
O Mawson 078 738S 62E Dr A G Fenton, Hobart 
1 H,I,K Equator 0-2° 
2 B,C, Hig 49- 
E,N,O latitude 73? 
3 D,F,K West 
longitude 75-1160? 
: VE) a O- bongtude 0- 32° 
: p longitude 147~-168° 
„E, orthern 
hemi- 26- 
sphere 76° N 
7 L,M,0 Southern 
hemi- 33- 


sphere 73°S 





creases of intensity which occur after the onset of 
cosmic-ray storms They believe that the mcreases 
are mainly isotropic and have an energy-dependence 
nearly the same as that of the decreases. 

In connexion with the Forbush-type decrease in 
cosmic-ray mtensity which occurred on February 11, 
1958, we have fortunately a large number of other 
solar and terrestrial observations which give us a 
unique set ofidata for following the event from the 
time it occurred on the Sun These have been sum- 
marized by Trotter and Roberts? Durmg its second 
passage on February 9, 1958, a region 58-B at 15°S 
heliographie latitude, then at the central meridian, 
suddenly underwent very rapid changes in plage 
brightness and sunspot growth The region flared 
rapidly throughout the day, half a dozen of the 
flares were Class 1+ or greater Five of these caused 
complete short-wave radio fade-outs of considerable 
duration In addition, these events were associated 
with unusual solar radio noise burst activity on 
2,800, 470 and 167 Me/s The flux density on 167 
Mc js was very high during February 7-9 An 
extremely large number of high-speed dark surges 
were observed on the solar disk, most of them in 
association with small flares The mean integrated 
coronal (5303 A ) intensity was low during the period 
Region. 58-B, which had very mtense activity durmg 
the second passage m February, persisted with 
pronounced activity during the third and fourth 
passages m March and April respectively 

Tho strongest geomagnetic storm with sudden 
commencement (se) of the present solar cycle 
began early on February 11, and almost smul- 
taneously a very spectacular aurora that persisted 
throughout the night ht up the northern sky as fai 
south as the 35th parallel It was visible on the 
following night as well. In Table 1, the important 
events observed on the Sun and on the Earth are 
summarized in chronological order 

We have examuned the effect m cosmic rays from 
data of the high counting-rate meson detector at 
the Massachusetts Institute of Technology and 
from a grid of neutron monitor stations distributed 
(1) ın two belts corresponding to the equator and 
the muddle geomagnetic latitudes, (2) ım three 
meridional sections corresponding to 75-115°W, 
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0-32*E and 147-168? E, and (3) m the northern 
and southern hemispheres In Table 2 are indicated 
the stations which are meluded in the grid, par- 
ticulars of their location and the name of the principal 
investigator at each station through whose kindness 
the data have been made available to us Assuming 
that the variations can be dependent on the primary 
energy response, on local tame or longitude and on 
the hemisphere, we have grouped stations so as to 
study one variable at a time with, so far as possible, 
an equal contribution m each group due to the other 
two variables Tho stations from which data have 
been combined for the various analyses aro mducated 
m Table 2 

Fig 1 shows the percentage deviations m the bi- 
hourly counting-rates of the neutron monitors durmg 
successive bi-hourly periods m u T. from February 9— 
12, the deviations in each case bemg taken with 
respect to the mean intensity on February 10, which 
represents a period of 24 hr immediately pre- 
ceding the onset of the Forbush decrease early on 
February 11 It is clear from Fig LA that the vara- 
tion is strongly dependent on primary energy It 
will be noticed that the meson detector at the middle 
latitude exhibits a variation which is mtermediate 
between the variation of the neutron monitor m- 
tensity at the equator and at the muddle latitude 
stations The middle latitude stations have a 
much larger percentage decrease than the stations at 
the equator A mmimum intensity is reached at 
0300 ur, at 0500 ur and at 0700 ur at the 
equator, with the meson detector and at the middle 
latitude stations respectively Moreover, about 12 
hr. after the initial decrease, at the equator the 
intensity returns almost to normal before ıt decreases 
again, on the other hand, the recovery occurs only 
partially at muddle latitude stations 

A most interesting aspect of the present event is 
the increase of intensity at 2100 v T on February 10, 
observed at equatorial stations only, about 4 or 5 hr 
before the arrival of the solar plasma at 0120 ur, 
indicated by the storm with sudden commencement 
and a number of other terrestrial effects ‘The second 
merease, or the recovery of intensity at 1100 UT 
on February 11, 1 seen to be much more significant 
at the equatorial stations and m the meson detector 
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Fig 1 Cosmie-ray intensity changes and associated solar and 

terrestrial effects for the cosmic-ray storm of February 11, 1958 

Relationships of changes are indicated separately in 4 for low 

‘and medium latitudes and primary energy response, in B for 
meridional sections and in C for hemispheres 
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at Cambridge than at the middle latitude stations 
It would thus appear that both events, which appear 
to be increases, are particularly characteristic of the 
high-energy component of the primary radiation 
In contrast, the first mmimum of the Forbush event 
is larger and occurs later for low-energy than for 
high-energy primaries 

In Fig 1B the variations of mtensity at stations 
m the th1ee meridional belts are compared Tt ıs seen 
that there are significant differences m tho utal 
decrease, mdicating the existence of an anisotropy 
The most remarkable feature 1s the complete absence 
of the second increase at 1100 vu T on February 11 
at stations m the east meridional seotion (147? E 
to 168° E longitude), as also at stations in the 
southern hemisphere for which a comparison with 
the northern hemisphere 1s shown in Fig 1C The 
second :noerease of mtensity is thus characterized by 
& strong anisotropy not only parallel to the ecliptic, 
but also perpendicular to 1t This 18 perhaps the first 
evidence for an anisotropy of the latter type In 
contradiction to the view of Yoshida and Wada, 
we believe that the second mecrease ıs mainly aniso- 
tropic and has an energy dependence different from 
the mamly isotropic Forbush decrease 

The main event observed early on February 11 
in eosmue rays, 1m geomagnetism, in the aurora and 
in X-rays at high altitudes ıs undoubtedly related 
to the major solar outburst from region 58-B between 
2053 and 2139 v T on February 9 We would like 
to suggest here that solar plasma reached the inter- 
action distance of the geomagnetic field at about 
0120 v T on February 11, but that for several hours 
prior to that, there was a cosmic-ray effect which 
involved an merease of the radiation Durmg the 
second increase of cosmic-ray mtensity on February 
ll, we have an merease of cosmic-ray intensity 
occurring with a strong aurora and change of the 
horizontal component H of the geomagnetic field 
This contrasts with the association of the aurora and 
the change in magnetic field with the large decrease 
of cosmic-ray intensiby about 10 hr earher From 
other geophysical evidence it ıs beheved that the 
main plasma outburst streamed past the Earth m 
10-12 hr and it appears that the second increase 
of cosmic-ray mtensrty is related to the departure 
of the plasma cloud There was a 2+ flare with 
major burst of radio noise at 67? W  heliographie 
longitude, which occurred at 1325 vu T on February 
10 It is worth while examming whether the second 
increase 1s related to the arrival of fresh solar par- 
tacles from this flare If, m order to explam the 
terrestrial influence of a solar event far removed 
from the central meridian to the west, one postulates 
the presence of a guiding path of solar magnetic lines 
of force stretched out to the Earth by earlier streams 
or an outward solar wind, ıt would be difficult to ex- 
plam the 24-hr delay for solar particles of even a few 
MeV energy We are thus inclined not to associate the 
second event with the solar outburst on February 10 

We beleve that ın the two mcreases and the mam 
decrease observed with the cosmic-ray storm of 
February 11, 1958, we have essentially three types 
of modulation process One is directly associated 
with the moving plasma, probably related to the 
magnetic fields m the shock front and gives mcreases 
as well as decreases of intensity along with anisotropy 
The second gives decreases of intensity and 1s related 
to & process which has a sharp onset but & relatively 
long tıme constant of recovery The first is often 
more effective for high primary energies than low, 
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but the second is much more effective for low than 
for high energies 

The large anisotropy parallel to the north-south and 
east-west directions m the second inerease poses an 
important problem The different motions of solar 
particles trapped by the geomagnetic field have been 
discussed by Gold’, and before average conditions are 
established round the globe there 1s probably a basis 
for major differences ın conditions over the hemisphere 
and at different meridional sections immediately 
following the arrival of a new cloud of solar particles 
But the tume involved is very short compared to the 
observed effect which shows up over periods of several 
hours Moreover, even though changes m the Van 
Allen radiation belts could perhaps provide an ade- 
quate mechanism for the perturbation of the geo- 
magnetic field, and through it alter cosmic-ray 
intensity, a quantitative evaluation of the effect has 
not so far been undertaken 

We are grateful to Mr S R Thakore and to the 
computation section at the Physical Research Lab- 
oratory and to Miss Britt at the Massachusetts 
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Institute of Technology for help ın analysing data 
One of us (V S) wishes to express gratitude for the 
hospitality of the Laboratory for Nuclear Science, 
Massachusetts Institute of Technology, and for 
financial assistance from the Department of Atomic 
Energy of India The work at the Massachusetts 
Institute of Technology has been assisted by the 
jomt programme of the Office of Naval Research 
and the US Atomic Energy Commission, and one 
of us (R P) ıs supported by a fellowship of the 
Conselho Nacional de Pesquisas, 'Biazd, which 
aie gratefully acknowledged We have had 
many stimulatmg discussions with B Rossi and 
T Gold 
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MEASUREMENT OF THE EFFECTS OF PISTON MASS AND 
BURSTING PRESSURE ON THE MOTION OF A PISTON 
IN A HYPERSONIC GUN TUNNEL 


By B J BELCHER 


Department of Aeronautics, Imperial College of Science and Technology, London, S W7 


HYPERSONIC gun tunnel is essentially a 
blow-down tunnel with a shock compression 
heater to generate a high-temperature reservoir of gas 
This heater consists of a high-pressure vessel separated 
from a long barrel by a diaphragm and hight piston 
(see Fig 1) When the pressure 1s high enough the 
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diaphragm bursts and diives the piston down the 
barrel A shock wave forms ahead of the piston and 
1s reflected from the almost closed nozzle end of the 
barrel, causing several compressions of the gas within 
the barrel and raising the temperature The piston 
finally comes to rest with the pressures on both 


WORKING 
SECOND DIAPHRAGM SECTION [zc yer 9 
NOZZLE INSERT 
DÀ DUMP 
a C) CHAMBER 





‘SCOPE | 


Lo 
«— 


METER FOR STATIC 


AMPLIFIER 


CALIBRATION 





Y INPUT 





Z INPUT 


ADDING 
RESISTORS 
O TB OUTPUT 
TRIGGER TET 
o INPUT 
. 
Layout 


1208 


Fig 2 Typicaloseilloscope record 


sides equal Both the mass of the piston and the 
bursting piessure will affect the performance of the 
tunnel 

One of the investigations mto the operation of the 
gun tunnel at the Imperial College of Science and 
Technology, London, was to find how the bursting 
pressure and piston mass affect the motion of the 
piston down the barrel This was done by a micro- 
wave technique?, the barrel bemg turned into a long 
resonant cavity by coating the face of the piston with 
a conductmg material, either a silver colloid pamt 
or by glung and screwmg on a dural disk Micro- 
waves are mjected at the nozzle end and resonance 
occurs with the piston at every half wave-length 
By detecting and recording these resonances an 
analysis of the piston motion 1s possible 

The generator is a 200-mW , 10-cm klystron feed- 
ing & wave-guide directional coupler To reduce the 
tendency for the klystron frequency to follow the 
changing resonant frequency of the barrel cavity, an 
attenuator 18 mserted between the klystron and the 
directional coupler The purpose of the directional 
coupler 1s to sort out signals according to their 
direction, so that only the reflected waves coming 
from the barrel reach the diode Power 1s fed from 
the klystron to the probes mounted in the nozzle 
insert through a co-axial cable These probes are 
arranged not to mterfere with the normal working 





~~. 
~ 

1600 M 

1200 
" 
1 
ki 
z 

© THEORETICAL VALUE FOR 

E ZERO MASS PISTON 
8 aoo 
we 
> 
5 O EXPERIMENTAL POINTS 
5 
a 

400 

o 
= ef x 
9. 100 200 300 


PISTON MASS gm 


Fig 3 Variation of piston velocity with mass 
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of the tunnel while still exciting a radially symmetric 
mode (M ,,) m the barrel Durmg a run the probes 
are protected by a nylon block The probes are 
matched to the barrel cavity so that under conditions 
of resonance there 18 little power reflected back along 
the co-axial feeder However, when the piston moves 
from the resonant position the subsequent mis- 
match causes power to be reflected and 1s detected 
by the diode on the directional coupler Hence a 
resonant pomt 1s mdicated by a drop m the voltage 
output from the diode The drop in voltage 1s 
recorded by an oscilloscope and camera About fifty 
resonant pomts have to be measured and, as one 
sweep of the cathode ray tube has insufficient resolu- 
tion, a raster type of display was used with a second 
oscilloscope providing the vertical trme-base Oscullo- 
scope 1 was arranged to sweep continuously but 
with the beam blanked off, and oscilloscope 2 
brightened up the first beam when triggered from a 
bursting signal picked up by a microphone The 
time-base from the second oscilloscope was then 
added to the diode output to displace consecutive 
Imes on the recording tube, producmg a raster display. 
One trouble encountered was that the time-base 
voltage biased off the diode and reduced the signal 
to nothing This was cured, with the attendant 
advantages of a larger signal, by inserting a small 
self-contamed transistor isolatmg amplifier between 
the diode and the adding resistors (see Fig 1) The 
amplifier has a voltage gam of 17, a frequency 
response of 15 c js to 500 ke js + 3 db with a high 
input and low output mpedance Two OC 46 tran- 
sistors are used A similar amplifier was also used 
as a microphone amplifier Because of the resulting 
‘rmg’ and general noise of a burst, several traces 
were superimposed for each run as the second oscillo- 
scope triggered more than once To ensure that only 
one trace was obtamed a trigger and gate system 
was adopted This amplifies and shapes mcoming 
signals from the microphone and passes them to a 
gate A pulse coming from this gate closes the gate 
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and triggers the second oscilloscope Hence only one 
trace 1s possible before the system 1s reset by opening 
the gate manually 7 

A typical record ıs shown m Fig 2 Starting at 
A, which 1s arranged to be on a resonant pomt for 
reference, the distance between pips becomes less, 
indicating acceleration of the piston, until the third 
line down where after a rapid deceleration the wave- 
shape 1s’seen to reverse, at B, indicating that the piston 
has reversed and 1s now going the other way down the 
tube On the fourth hne at C another reversal is 
evident The resonant points are indicated by positive 
pips because the amplifier reverses the sign of the 
signal 

These film records were analysed to give a plot of 
piston position (x) against tame (¢) From such plots 
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the maximum piston velocity 1s taken. Figs 3 and 4 
summarize these results Initial acceleration was also 
measured from the v-t plots assuming the accelera- 
tion to be constant over the first few stations, the 
results bemg 


Bursting pressure Acceleration 
(Ib faq 1n ) 
300 4,000g 
485 5,400g 
600 7,200g 
825 .15,000g 


I am indebted to Mr J L. Stollery for his direction 
and help in the foregomg work, and to Mr P D. 
Church for his analysis of the traces 


*Cox, R N,and Winter, D F T , Advisory Group Aero Res and 
Develop Report No 139 
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A STRUCTURAL MODEL FOR MONATOMIC LIQUIDS 
INCLUDING METALLIC LIQUIDS 


By Da KAZUO FURUKAWA 


Research Institute for lron, Steel and Other Metals, Tohoku University, Sendai, Japan 


LTHOUGH the meltmg pomt (T'm) 1s generally 
determined thermodynamieally, ıt 1s interesting 
that Lindemann’s geometrical law! 38 effective 
in determming the melting condition of solids So 
we have studied the structure of hquids at ther 
meltmg pomts in the hope of findmg some similar 
law 
So far, radial distribution curves for 18 monatomic 
liquids near their meltmg points have been obtained 
by X-ray or neutron diffraction measurements, and 
they give co-ordination numbers (Z) and the distance 
(ri) of the nearest neighbour However, the values 
of Z so far obtained are less reliable than those of 7, , 
ib is probable that m some cases we obteined low 
values Therefore, we calculated Z from 7, and the 
bulk density (measured) assuming a quasi face- 
centred cubic lattice The calculated values Zea) were 
between 10 and 115 (mean value 10 85, about 
90 per cent of 12 Table 1) 


Table 1 DATA FOR RADIAL DISTRIBUTION CURVES NEAR Tm 


n (A) Zob, Zea, Aob (A) Acar (A)* r(3) 
He (a) 3 85 -105 10 5 2 85 3 36 — 
Ar (b) 3 86 80 105 3 40 337 = 
Xe (c) 4 48 94 10 4 3 84 3 87 mum 
Li (d) 324 98 127 2 60 2 83 2 74 
Na (e) 3 83 95 1123 3 21 334 343 . 
K(f) 4 04 80 108 3 95 4 06 4 36 
Au & 2 86 110 104 2 42 2 49 2 52 
Zn (d. 294 108 137? 2 33 2 57 2 40 
Cd (d) 3 06 83 10 4 2 60 2 67 272 
Hg (A) 3 10 88 10 3 2 08 2 70 2 78 
Al (d) 2 96 106 116 2 50 2 58 2 50 
Ga (g) 277 110 95 2 43 2 42 2 45 
Tn (d) 3 30 85 113 2 86 2 88 2 96 
Tl (g) 3 30 80 10 1 2 85 2 88 3 06 
Ge (g) 2 70 80 — 2 20 2 36 287 
Sn (2) 3 23 91 10 7 2 79 282 277 
Pb (9) 3 40 94 103 2 93 2 96 3 02 
Bi (9) 3 40 80 96 290 297 3 04 


(a) Gordon, Shaw and Daunt, J Phys Chem Solus, 5, 117 (1958) 
(b) Eisenstein and Gingrich, Phys Rev , 62, 261 (1042) (e) Campbell 
and Hildebrand, J Chem Phys , 11, 354 (1943) (d) Gamertsfelder, 
J Chem Phys , 9, 450 (19041) (e) Trimble and Gingrich, Phys R 
53, 278 (1938) (f) Thomas and Gingrich, J Chem Phys, 8, 411 
(1938) and Gingrich and Wall, Phys Kev , 50, 330 (1989) (g) Hendus, . 
Z Natforsch , 2a, 505 (1947) (h) Vineyard, J Chem Phys , 22, 1665 
(1954) (2) Takeuchi and Furukawa, Meeting of Japan Inst 
Metals (April, 1958) (3) Sharrah and Smith, J Chem Phys , 21, 228 
(1953) *Aeay = 74/(1 5) 


The shape of the curves was analysed by Wall’s 
theory? usmg the spherical free volume of radius o 
According to this theory, (r, — c) = A corresponds 
to the position on the shorter side-branch at a 
height of 34 4 per cent of the maximum value m 
the first peak of the curve 4xrp(r), where p(r) 18 the 
atomic number density at a distance r from any 
atom Hence we measured Apy from radial distribu- 
tion curves, and obtained the empirical formula 
rijo = (15)? (Table 1) 

Assuming a molecule to be a sphere (nearly rigid)? 
of diameter A at Tm, the following model can be 
postulated Let V, be the volume at closest packing 
of spherical molecules of diameter A, then the volume 
of hquid at Tm 1s 1 5 V, for quasi face-centred cubic 
lattice But about 10 per cent of the sites m this 
quasi-lattice are empty, and these spaces are dis- 
tributed through all interstices, explainmg the second 
peak at 1 9r, of the distribution curves Thus the 
total volume 1s about 1 65 V, 

Using this model of a reduced form mdependent 
of materials, several properties of liquids can be 
explained as follows Self-diffusion and viscous 
flow m liquids are easily explamed The self-diffusion 
coefficient of a liquid at its meltmg pomt may 
be expressed$^ as Dm = v rj? vm exp(ASp/R) 
exp(—Hp/RTm), whero r, 18 the mean square of 
jump distances, wr the frequency of the liquid at 
Tm and ASp and Hp the activation entropy and 
energy of diffusion respectively Now y, Asp, 
Hp/RTm and Dml(r,? vm) must all be constants mde- 
pendent of the material If vm is calculable from 
Lindemann’s formula, vm = 28 x 10! Tmt? M-1m 
Vim, where M 1s the molecular weight and Vm the 
molar volume, JDw[(r*,vm) 18 obtamable from 
experimental values of Dm, and 1s nearly constant 
(Table 2) 

The expermnental values of Hp/Tm and Hn/Tm 
are also nearly mdependent of the material, where 
Hy 13 an activation energy of viscosity (Table 2) 
Differences between the hqud metals and other 
material may be explained by the expansion co- 


1210- 


Table 2  SELF-DIFFUSION AND Viscosity DATA (008) 


(Dri?) X10 Hp] RT, AIRE mov X10* moal, X 102 
Na 0 72 (a 328 (a) 22 (d) 0 71 (d) Q 59 
Hg 0 83 (2 215 (a) 141 (d) 21 (d) 207 
In 0 73 (a) 283 {a 186 (e) 1 94 (e) 197 
Ga 0 79 (a) 185 (a) 101(d) 214 (d) 1 63 
Sn 132 (b) 396 (b 178 (e)  195(e) 219 
Ag 0 74 (e) 330 (c) 191(f)  Á388(/) 4 06 
Ar 0 98 (a) 3 12 (g) 0 28 (g) 0 11 
N: 3 69 (g) 031 (9) 0 23 
CÓ 350(g) 0 82 (g) 0 23 
CH, 414(h 0 23 ¢ 0 20 
C.H, 0 41 (À) 499 (A) 431 qi 0 83 (2) 0 90 
0, 370 (g)  081(g 0 27 
CCL 187 (a) 6 60 (2) 4740) 200) 0 55 


Soe , B, 


noon (2) Grunberg and Nissan, Frans Farad Soc , 45, 125 (1949) 
a Pu epa Rodgen, Phil Trans Roy Soc, A, 185, 807 (1894) 
ee ref 6 


efficients the ratio of which is of the order of 10-? 
In fact under the condition of constant volume 
Hp|Rm becomes 214 fo CCl,5, and 126 fo 
C,H, °, from isobaric experiments, and becomes 2 07 
for Hg, 1 63 for Ga4, 1 65 for CCl,® and 1 40 for 
C.H, ê by computation from isothermal experi- 
ments usmg* their expansion coefficients and com- 


pressibilities 
So puttmg Hp/RT m = 1 6 at constant volume, we 
obtain ASp/R = —31 +03 independent of the 


materials from their values Dy,/(ri? vm) of Table 2 
ASp <0 can easly be explamed by a more 
regulated activated-complex configuration composed 
of planar 4 or 5 atoms in the closest contact than the 
ordinary irregular configmations Considexmg the 
above, 1t 1s of interest that A nearly coincides with 
the metallic bond-lengths of co-ordination number 3 
calculated by Paulmg’s theory’ (r (3) m Table 1) 

Combinmg these facts with the Sutherland- 
Emstem formula’, Dy = kT/(2xA), we can easily 
deduce Andrade’s formula? ym = 5 7 x 104 MIR 
Tmt! Vs putting — Daf(r*; Ym) = 0 0067 The 
calculated viscosity coefficients at T, Am, cal, Bro m. 
good agreement with the expermnental values ym,on 
(Table 2) 
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Table 3. ENTROPY OF LIQUIDS AT Tm (CAL [DEG /MOLE) 


VoL 184 


Observed 


17 816 (c) 
93 32 (d) 
1700 (d) 
22928 (d) 


Calculated 
18 154 


Calculated Observed 
12 594 (9) | K 





19 04 (b) 
11 001 (c) 


15 507 (c) Pb 22 412 





(a) Clusius and Frank, Z Elektrochem , 49, 308 (1943) (b) Clusius 
and Roccobini,Z phys Chem ,88B,81(1937) (c) Evansetal ,J Res 
Nat i rana , 55, 83 (1955) (d) See Borehus, "Solid State Phys ”, 
6, 55 (1958) 


Moreover, using Wall-Harasıma’s free volume 
theory?4, and adding the entropy of random arrange- 
ment of vacancies as a cruder treatment of this 
model, the entropies of the liquids at ther melting 
points were calculated , the values agreed with the 
observed ones (Table 3) 

The above discussion shows that the metallic 
hquid is not a special liquid Thus we need 
not consider the ionic uniti. m the transport 
phenomena 

The model will become more complete when com- 
bined with the recent work of Bernal!*, who explained 
the essential difference between regular and irregular 
close-packmg arrangements having a volume differ- 
ence of about 10 per cent, which agrees with our 
model 

A detailed description including further applica- 
tions will be published elsewhere 


1 Inndemann, F A, Phys Z , 11, 609 (1910) 

2 Wal, © N, Phys Rev, 54, 1062 (1938) 

3 Zener, C, J App Phys , 22, 372 (1951) 

Q! Nachtrieb N H , Symposrum on "Liquid Metals and Solidification” 
(Chicago, 1957) 

5 Watts, H , Alder, B J, and Hildebrand, J H, J Chem Phys, 
28, 659 (1955) 

® Hiraoka, H , Osugi, J , and Jono, W , Rev Phys Chem , Japan, 28, 
52 (1959) 

? Pauling, L, J Amer Chem Soc, 89, 542 (1947) 

2 Ia, J C and Chang, P, J Chem Phys , 28, 518 (1955) 

* Andrade E N da C, Phil Mag , 17, 407 (1934) 


10 Haragsima, A , and Oguri, H , Proe Phys Math Soc Japan, 25 
425 (1943) Harasima, wed, 23, 534 (1943) 


u Glasstone, S , Laidler, K J ,and Eyring, H , "The Theory of Rate 
Processes”, 495 (1941) 


u Mackenzie, J D ,and Hilhg, W B,J Chem Phys , 28, 1259 (1958) 
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POLYNUCLEAR COMPLEXES OF MOLYBDENUM(I) 


By Da J C SHELDON 
William Ramsay and Ralph Forster Laboratories, University. College, London, WC I 


LTHOUGH molybdenum(Il) chloride and its 

co-ordination complexes have been known for 
a century, they have received but little attention 
As a result of the virtual absence of physical studies 
on these compounds, not only was nothing known of 
their constitution until a few years ago, but incom ect 
molecular formule were even adopted The relatively 
recent X-ray diffraction studies by Brosset'-? have 
done much to improve the posrtion, though the 
bonding present m molybdenum(IT) chloride derva- 
tives has never been seriously discussed and many 
sunple physical measurements remam to be done 
and correlated with the proposed structures A 
re-investigation of these compounds is now par- 
tioularly mmportant as they appear to possess a 
stereochemistry quite different from that mdicated 


for d* metal complexes by ligand field theory There- 
fore molybdenum(II) chloride and rts derivatives 
are being re-exammed and ıt is now possible to 
summarize some new experimental results and pro- 
pose a bonding scheme for these compounds This 
bonding scheme ıs able to expla why only certain 
types of hgands form  molybdenum(II) chlonde 
complexes 

The crystallme compounds studied by Brosset 
were formulated on the basis of his structure determ- 
mations as  [(Mo,Ch)((OH),(H,0),]] 12H,O1 and 
((Mo,CIl4CL,(H,O),] GH,O? The structure of the 
(Mo,Cl)* group, fully named octa-u,-chlorohexa- 
molybdenum(II) and henceforth referred to as the 
chloromolybdenum(II) group, 1s given in Fig 1 It 
is convenient for most purposes to regard the group 
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Fig 1 The chloromolybdenum(IT) group White circles, Ol, 
shaded circles, Mo 


as a regular face-centred cube and it 1s presented m 
this manner m the figure Though the octahedron 
described by the molybdenum atoms ıs almost 
regular, the cube deseribed by the chlorine atoms is 
somewhat distorted and ıb ıs possible that the 
deviation fiom strict equivalence of these chlorine 
atoms may be of some chemical significance Brosset 
has emphasized that six groups, given ın braces in 
the formule above, appear closely associated with 
the chloromolybdenum(II) unt Fig 1 shows that 
each molybdenum atom 1s surrounded by a square 
planar configuration of chlorme atoms, and can 
accept one hgand normal to the cube face to achieve 
co-ordinative saturation The effective co-ordmation 
number of each molybdenum atom, takmg into 
account the four molybdenum close neighbours, 
would be nine, and ıb 1s therefore umprobable that 
more than one hgand could donate to each molyb- 
denum atom Thus six ligands may be accepted by 
the chloromolybdenum(IT) group along the axes sg’, 
yy’ and zz’ Whereas the identity of the central 
(Mo,Cl,) unit 1s seldom affected, the sx hgands are 
freely variable There 1s possible a novel range of 
octahedral complexes, thew general character bemg 
of the type familar to the morganic chemist, but 
possessing a polyatomic nucleus 

The ehloromolybdenum(IT) group is stable over a 
wide range of conditions In the form (Mo,Cl,)Cl,, 
that 1s, MoCl,, 1t 18 not affected by boiling aqua regia, 
or concentrated sulphuric acid heated to fuming, 
other than the displacement of the chlorine hgands 
It 1s stable to more than 800? C wm vacuo, with prob- 
able disproportionation to metal and higher halides 
above this temperature It is not oxidized by aur 
below 300° C, but above this temperature a dark 
product is formed However, ıb ıs much more 
sensitive to aqueous alkali giving molybdenum(V) 
hydroxide and hydrogen At room temperature and 
pH 12, a chloromolybdenum(IT) solution shows some 
signs of decomposition in about 10 hr, though at 
higher pH and temperature decomposition can be 
complete im a few mmutes It 1s noteworthy that 
the reagents most disruptive for the (Mo,Cl,) group 
are the strong electronegative complexing agents, 
namely, OH-, F~ and NCS~, though attack by these 
15 rapid only at high temperatures It is therefore 
possible that the decomposition of the chloromolyb- 
denum(II) group under these conditions proceeds by 
the formation of an unstable substituted chloro- 
molybdenum(II) nucleus As this group retains its 
identity under most conditions, 1t 18 proposed to 
designate ıt as ‘M’ m formule 
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The present work strongly supports the view that 
the chloromolybdenum(II) group mvariably possesses 
sıx groups bound to ıt The followmg are typical 
examples of the new compounds isolated — [MOl, 
(C;H,N),], [MCl, ((C;H;);N),, and (1,0) [M1,] 
6H,O Compounds with compositions corresponding 
to the following have also been reported! [MOL 
(H,0)], [MCI (C,H,OH).], K,{MCl,] 6H,0, 
(MBr,(H,O),, and (H;,O)LMBr,] 6H,O The 
parent acid of the hexachloro-chloromolybdenum(II) 
series has been known in the erystalhne form as 
(H,O),[MCI,] 6H,0 for some time’ It ıs the most 
soluble hexachloro-complex, the salts of this acid 
bemg sparmgly soluble or completely insoluble 
Typical salts melude those of the alkali metals, 
ammonium and pyridmum* The insoluble salts 
derived from large organic cations, for example, 
tetraethylammonium and _ triphenylphosphonium, 
have been prepared m the present work The salts 
of the hexabromo- and hexaiodo-acids are less well 
known but are undoubtedly similar to those of the 
hexachloro-acid The hexahalogeno-acids and ther 
salts are rapidly hydrolysed in aqueous solution and 
an. excess of hydrohalogemic acid must be mamtamed 
for stable solution Solvolysis of these compounds 18 
nov observed m ethanol and solubilities often prove 
to be much higher m this solvent 

In addition to MCl,, 1+ has now been possible to 
prepare MBr, MI, and M(OH), by heatmg the 
appropriate hexahalogeno-acid or hydrated chloro- 
molybdenum(II) hydroxide ın vacuo at 250° Œ Asg 
there appears to be only four ligands per chloro- 
molybdenum(II) nucleus 1b 1s reasonable to suppose 
that these compounds are polymeric usmg some 
hgands for bridging between chloromolybdenum(II) 
groups and thus satisfymg the proposed octohedral 
iequmements However, ib is interesting to note that 
Brosset has shown the hydrates of MCl, and M(OH), 
to consist of discrete octahedral complexes In 
passing, ıt may be mentioned that the four simple 
chloromolybdenum(II) compounds referred to above 
are found to be hygroscopic and undergo a lightening 
of colour on gamung water The materials may be 
Obtamed anhydrous agam by reheating om vacuo 

Complexes of the type [M(OH),]t, [M(H,0),]** 
and [M (INCS),]*- are of mterest but attempts to pre- 
pare solid compounds of the first two have failed so far 
Such compounds undoubtedly exist m solution as 
chloromolybdenum(II) hydroxide ıs soluble m 2 N 
acid and 0 01 N alkah It has been possible to con- 
firm the existence of [M(OH),]^- in solution by the 
pH titration mvolving the precipitation of the 
hydroxide by standaid acid from a standard alkaline 
solution Fig 2 shows a typical titration curve m 
which two equivalents of nitric acid precipitate one 
of M(OH), Thus chloromolybdenum(II) hydroxide 
dissolves in alkali to give the complex [M(OH),]?- 
The addition of [MCL] to a concentrated potassium 
thiocyanate solution gives a crystallme preorpitate 
possessing a chloride and thiocyanate content reason- 
able for K,{M(NCS),]6H.O However, the com- 
pound 1s soluble ın water, precipitating only ın excess 
thiocyanate, and attempts to free the precipitate from 
the contammating potassium thiocyanate have not 
proved successful so far 

The ideas expressed above might be criticized on 
the grounds that the chloromolybdenum(IT) nucleus 
or its proposed co-ordmation complexes are, m. fact, 
ionic assemblages rather than covalent compounds 
Though this ıs mconsistent with the chemical deta 
already given, there is good evidence to settle this 
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Fig 2 The precipitation of 3 29 x 10~* moles of M(OH) H,0 
occurred In the region between the arrows 





pomt  Brosset has established that the hexachloro- 
acid exists as [MCl,]*- m ethanolic solution by an 
X-ray diffraction technique? Molecular weight 
determination of molybdenum(II) chloride m boiling 
ethanol has been found to give just over half the 
required value for MCl,* Under these conditions, 
1t 18 very probable that some alcoholysis occurred, 
but 1onzation to a degree suggested by M** (CI-), as 
the true constitution of molybdenum(lI) chloride 18 
ruled out Thus, m a moderately strong solvating 
solvent, like ethanol, the M—-Cl bonds retam ther 
identity A number of chlorme-36 exchange studies 
to determme the lability of the chlorme atoms m the 
{MCI,]* 10n have been carried out m the present 
mvestigation ‘The first experiments were carried out 
in 5 65 N hydrochloric acid to avoid hydrolysis The 
hexachloro-acid was allowed to exchange with 
labelled hydrochloric acid, and the complex separated 
from solution either by freezing out at 0° C as the 
erystalhne acid or precipitated as the triphenyl. 
phosphonium salt. The first separation method gave 
& very pure material, the second gave a rapid 
quantitative precipitation It was found that the 
exchange fraction corresponded closely to the 
exchange of only srx out of the fourteen chlorme 
atoms m [MCI,]*~ for exchange times of 2-800 mm 
at 25°C For times of exchange less than 2 mm , less 
than six out of fourteen chlorme atoms exchanged, 
but the data are maccurate It ıs reasonable to 
conclude that all fourteen chlorme atoms m [MC]? 
are covalently bound, but the hgand chlorme atoms 
are much more labile than the nuclear chlorme 
atoms m 5 65 N hydrochloric acid The mertness of 
the eight nuclear chlorme atoms 1s strikmg, for on 
refluxing the hexachloro-acid for 1$ hr m hydrochloric 
acid, only six out of fourteen had exchanged 

At this point i6 1s logical to consider whether 
chloromolybdenum(II) should have a chemistry 
analogous to some mononuclear cation, or whether 
the resemblance 1$ superficial It ıs true that xf the 
molybdenum(II) atoms were held together by a cage 
of shared chlorine atoms, 1t may well be that the com- 
pounds resembling octahedral complexes could be 
isolated However, these would have the properties 
expocted of divalent molybdenum, frequently dis- 
playmg paramagnetism, hgand field spectra and a 
strong tendency to oxidation Thus 1s m striking con- 
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trast to what 1s observed, for chloromolybdenum(IT) 
complexes are very stable to oxidation and are all 
diamagnetic Solution absorption spectra give no 
indication of hgand field spectra, only one or more 
bands at about 300-350 my, «~3 x 10°, which 
account for the deep yellow colour of the compounds 
It is possible, however, that these charge transfer 
bands may be supermposed on some very weak d-d 
transition bands Fig 3 gives the absorption curves 
assigned to the species [MO] and [MBr,]?^ m 
5 N hydrochlorie and hydrobromic acid, respectively, 
and LM(OH),]*- m 0 01 N alkal It 1s umportant to 
bear m mund that the properties suggested above for 
molybdenum(I1) are hypothetical as no paramagnetic 
molybdenum(IT) compounds are known and com- 
plexes of the type [Mo(II)X,], from which [M X,] 
mught be considered to be derived, do not exist 
Furthermore, mononuclear molybdenum(II) com- 
pounds are very rare (see below) If molybdenum(IT) 
18 spm-paired in ehloromolybdenum(II) accountng 
for its diamagnetism, combination of this group with 
carbon monoxide-hke hgands would be expected, and 
agam this is not found ‘There is no evidence that 
MOI, 1s affected by carbon monoxide at 40 atm. and 
110? C or by tnphenylphosphme at 200° © It 1s 
significant that among the few mononuclear molyb- 
denum(II) complexes known,  [Mo(IIL)(diarsme) 
(COXL,, [Mo(IT) (darse); (CO),I+] I- and similar 
compounds have recently been prepared by Nyholm 
and co-workers by halogenation of tetracarbonyl- 
(o - phenylene - 623(dimethylarsine))molybdenum(0)? 
These compounds are diamagnetic, contam carbon 
monoxide-lhke ligands and possess ligand field spectra, 
and co-ordimation number seven Therefore, the 
chloromolybdenum(II) group behaves quite duffer- 
ently from that reasonably expected on molyb- 
denum(II), and moreover, differently from any 
transition metal other than one with & d? configura- 
tion Is 18 then justifiable to regard the chloromolyb- 
denum(IT) group as a particular and distinct chemical 
entity and not as an assemblage of atoms in s rather 
special geometry 

The non-appesrance of typical transition metal 
properties is not difficult to explam The mtermolyb- 
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denum distance is 2 63 A. to be compared with 
273 A for molybdenum metal, and therefore 
Mo-Mo bonds must exist along all sides of the Mo, 
octahedron The highly symmetrical arrangement of 
the Mo, group allows convenient consideration of the 
mtermolybdenum bonds as delocalized and best 
represented by molecular orbitals For the purposes 
of discussion the [MCI;]?- complex will be considered 
Each molybdenum atom is surrounded by a tetra- 
gonal pyramud of chlorme atoms, bonded probably 
by d(e.y:ep? hybrid orbitals Of the remaining four 
d-orbitals, the dzz and dy, possess lobes directed 
exactly along the intermolybdenum axes and ıt 1s 
possible for each of four co-planar molybdenum atoms 
to combme one of these orbitals to give a molecular 
orbital system There are three such sets of co-planar 
atoms, each forming such orbitals The contribution 
of two d-electrons per molybdenum atom to forming 
such intermetallic bonds gives molybdenum a valency 
higher than the oxidation number two The dis- 
position of the two remanung electrons in the dgy 
and d; orbitals must be consistent with the observed 
properties of chloromolybdenum(II) compounds 
Pammg the electrons in one of the two remaiming 
orbitals may account for diamagnetism, but possibly 
not the other properties Furthermore, the proximity 
of the molybdenum atoms to each other also suggests 
that there would be some repulsive interaction 
between non-bonding pairs ın either the dgy or dz 
orbitals. It ıs concluded that the two remaining 
electrons occupy the orbitals singly, and that these 
contribute a little more to the intermolybdenum 
binding by coupling ther spms 

Therefore, chloromolybdenum({II) ean best be 
regarded as a compound of molybdenum(VI) employ- 
mg all mne orbitals This 1s quite consistent with 
crystallographic evidence, for Brosset reports that 
each molybdenum atom possesses mne neighbours 
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all closer than 27 A The hexavaleney of molyb- 
donum explains the absence of observable d-d 
transitions m spectra and the mability to form 
complexes with z-bondimg hgands The apparent 
conflict of the stereochemistry of chloromolyb- 
denum(II) with ligand field theory is removed 
Though the theory suggests & number of favoured 
arrangements for dt complexes, ıt seems unable to 
account for the arrangement in chloromolybdenum(I1) 
This difficulty disappears when the compounds are 
recognized as d° complexes 

In conclusion, the followmg points are re-emphas- 
ized — Molybdenum(II) chloride complexes contam 
the chloromolybdenum(II) group, (Mo,Cl,)4+, which 
functions as a nucleus for octahedral complexes of 
the form [MX,] The chloromolybdenum(II) group 
exhibits intermetallic bonding, and though the 
oxidation number of molybdenum 1s two, the valency 
iS effectively sxx Consistent with the d? character 
of the molybdenum is co-ordination number nme 
Furthermore, this d° character explains the dia- 
magnetism, absence of both hgand field spectra and 
complexes with z-bondmg hgands of chloromolyb- 
denum(II) compounds 

I wish to acknowledge the award by the University 
of London of an ICI. Research Fellowship during 
the tenure of which this mvestigation was conducted, 
and also to express my mdebtedness to Prof R S. 
Nyholm and Dr. J Lewis for ther suggestion and. 
support of the research 
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MASSIVE INCORPORATION OF 5-FLUOROURACIL INTO 
A BACTERIAL RIBONUCLEIC ACID 


By Da. JACK HOROWITZ and Pror, ERWIN CHARGAFF 


Cell Chemistry Laboratory, Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York 


N the course of studies on the correlation of the 
mechanisms controlung the production of cellular 
high-polymers, we have mvestigated the effects of 
5-fluorouracil on the synthesis of protem and nucleic 
acid m several strams of Escherichia cole We have 
reported elsewhere (ref 1, and unpublished work by 
the same authors) on the ability of the fluoro com- 
pound to substitute, m part, for uracil m a mutant 
requiring this pyrumidine In tho absence of uracil, 
the addition of 5-fluorouracil resulted m the doubling 
of the protem content, a slight mcrease m ribo- 
nucleic acid, but none m deoxyribonucleic acid, took 
place. In E. coh, stram B, as well as m the uracil 
auxotroph supplemented with uracil, the fluoro 
pyrimidine inhibited the synthesis of deoxyribonucleic 
acid completely, but permitted the formation of both 
protem and ribonucleic acid 
The formation, m the presence of 5-fluorouraci, of 
several constitutive or mducible enzymes was also 
examined The activity of two of the enzymes, 


catalase and succmate dehydrogenase, inereased , 
the induetion of 8-galactosidase by lactose was, 
on the other hand, almost entirely blocked in the 
presence of -fluorouracil The fluoropyrmidine 
prevented, moreover, any further rise of the 6-galac- 
tosidase activity m cells that had previously been 
treated with the mducer or m a stram of E cola m 
which this enzyme 1s constitutive Other observa- 
tions, soon to be published in collaboration with 
Drs. F Goodman and J J Saukkonen, showed that 
§-fluorouracil prevented the multiplication of T% 
bacteriophage and the intracellular synthesis of the 
phage nucleic acid m E colt, stram B, whereas 1b 
had less influence on the growth of T3 

These findings, as well as the recent reports on 
the meorporation of 5-fluorouracil into the ribo- 
nucleic acids of animal tissues*? and of tobacco 
mosaic virus‘, made 1t of mterest to ascertam whether 
also m JE colt the biological effects of the fluoro 
compound are accompamed, or caused, by its 
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Fig 1 Elution diagram of the hydrolysate of the ribonucleic acid of E coh, strain B, 


formed ın the presence of 5-fluorouraeil 
23 em x09 em diameter, gradient elution (mixing chamber 
reservoir 2 5 N formicacid), 7 ml fractions 


introduction into the ribonucleic acid The results 
presented here show that a considerable amount of 
this uracil analogue does indeed find its way into the 
ribonucleic acid of the organism, where it may 
replace nearly one-half of the normally present 
uracil 

To cultures (37°, glucose-salts medium, early 
logarithmic phase) of Æ col, stram B, or of the 
uracil-deficient mutant 63-86, supplemented with 
uracil (20 ugm /ml ), 5-fluorouraeil (50 pgm jml ) was 
added and the cell suspensions were kept at 37° for 
varying periods If the action of the inhibitor on 
the uracil auxotroph was to be tested 1n the absence 
of uracil, the cells were harvested and starved before 
the addition of the fluoropyrmudme! At the 
conclusion of the treatment, the organisms were 
collected and prepared for analysis (removal of 
mononucleotides, lipids, ete ) by procedures described 
previously?. The hydrolysis of the ribonucleic acid 
was carried out with 0 3 N alkah (30°, 18 hr) with 
the use of either sodium hydroxide, ın which case the 
hydrolysate was acidified with hydrochloric acid m 
order to precipitate protem and deoxyribonucleic 
acid, or of potassium hydroxide, in the latter case 
perchloric acid was employed, care bemg taken to 
avoid losses through the co-precipitation of nucleo- 
tides durmg the removal of potassium perchlorate 
m the cold The mbonucleotide composition was 
determmed by electrophoresis on filter paper or by 
ion-exchange chromatography 

A typical elution pattern (Fig 1) shows five 
components, with the new nucleotide leaving the 
column after uridylic acid, as expected for a mixture 
of the 2’- and 3’-phosphates of 5-fluorouridme® The 
combined eluates of this component collected in 
several runs were again subjected to chromato- 
graphy, the experimental conditions were as m 
Fig 1 except that N ammonium formate was used 
for gradient elution A single sharp peak was 
observed and the nucleotide identified as 5-fluoro- 
uridylic acid The hydrolysis of the compound with 
72 per cent perchloric acid (1 hr, 100°) hberated 
5-fluorouracil, which was identified by chromato- 
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graphy and spectrophotometry , 
the molar ratio of 5-fluorouracil to 
phosphorus was found to be 1 1 17 
The treatment of the nucleotide 
with prostate phosphatase resulted 
m the lberation of 5-fluorouridine, 
which was identified by the com- 
parison of its spectral and electro-- 
phoretic (0 1M borate buffer of 
pH 9 2%) properties with those of 
the authentic nucleoside The ratio 
of 5-fluorouridine to phosphate re- 
leased by the enzymic hydrolysis 
was 1 11 That the nucleotide 
consisted of a mixtwe of the 2’- 
and 3'-phosphates of 5-fluorouridine 
and had, therefore, formed part 
of a polynucleotide, was shown, 
by its behaviom towards 3’- and 
5’-nucleotidases It was not at- 
tacked by the 5’-nucleotidase of 
Russell’s viper venom, whereas 
3'-nucleotidase" hydrolysed about 
60 per cent of the nucleotide to 
fluorouridme withm 20 hr 5- 
Fluorouridyhe acid has its absorp- 
tion maximum at 268 my m 
001.N hydrochloric acid with a 
molar extinction coefficient of 9,400, the absorb- 
ance ratios in the same solvent are As55/Aogs, 0 64, 
A aso] Aso, 0 82, A ssol A sso, 0 32 

The nucleotide composition of the ribonueleic acid 
synthesized, both m the presence and the absence of 
5-fluorouracil, by the two Æ colt strams under 
investigation is shown in Table 1 It will be seen 
that one-quarter to nearly one-half of the nucleic acid 
uracil can be replaced by the fluoropyrimidine This 
takes place without an essential disturbance of the 
equahty of the molar sums of 6-ammo and of 6-keto 
nucleotides! ^ The large quantities of 5-fluorouracil 
built mto the ribonucleic acid of stram B offer a 
convenient method for the preparation of the 2’-, 3’-, 
and 5’-phosphates of 5-fluorouridine It ıs note- 
worthy that 5-fluorouridylic acid was also found m 
the ribonucleic acid of the uracil-requirmg mutant 
incubated with the fluoropyrimidine m the absence 
of uracil, although the amount of nucleic acid syn- 
thesized under these conditions 1s shght (ref 1, and 
unpublished work by the same authors) Owing to 
the relatively small number of analyses 1b 15 not yet 
clear what importance should be attached to the 
fluctuations m nucleotide proportions recorded m 
Table 1, nor is ıt yet known whether 5-fluorouracil 
18 mecorporated preferentially mto any particular 
fraction of the total ribonueleie acid or mto certein 
positions on the polymer chain 

In contrast to the known metabolic fate of uracil, 
we have found no mdication that 5-fluorouracil gives 
rise also to a 5-fluorocytidylic acid component of the 
nucleic acid Preliminary evidence would, m fact, 
seem to speak agamst the presence of the latter 
fluoro nucleotide, at least in amounts comparable to 
those of §-fluorouridylic acid — Neither elution peak 
nor chromatographic zone corresponding to 5-fluoro- 
cytidylic acid was seen , the spectra of the separated 
nucleotides showed no evidence of such a con- 
tammant Moreover, orienting experiments on the 
uptake of uracil-2-“C by the ribonucleic acid of the 
uracil auxotroph exclude the occurrence of appreciable 
quantities of 5-fluorocytidylic acid As shown m 
Table 2, 5-fluorouracil depresses the mecorporation of 


ACID 


500 ml water, 


October 17, 1959 


NATURE 























No 4694 1215 
Table 1 NUCLEOTIDE COMPOSITION OF RIBONTCLEIC ACID OF E colt STRAINS 
Mole 10 li h 
No Sphere Analytical s per 100 moles nucleotide 1n ribonucleic acid 
proceduref | Adenyhe | Guanyhe | Cytidyhe | Undylie | 5-Fluorouridylic 
acid acd acd acid acid 
1 | Strain B, normal I 26 3 29 2 ! — 
2 Strain B, treated with 5-fluorouracil, 21 hr II 23 1 30 4 28 i it 4 98 
3 Uract] auxotroph 63-86, normal III 23 7 32 6 280 208 — 
4 Uracil auxotroph 68-86, treated with 6-fluorouraeu, 
in the presence of uracil, 3 hr III 246 30 4 243 159 48 
5 Uracil auxotroph 63-86, treated with 5-fluorouraci, 
in the absence of uracil, 16 hr XY 23 8 82 7 22 5 174 40 











* The figures for No 1, averages of man 
several hydrolysis experimenta — Specimens 


determinations, are taken from a previous publication (ref 8), those for No 8 are based on 
o 2,4 and 5 were single preparations Preparations of strain 63-86 treated with 6-fluorouracil, 


in the presence of uracil, for 1 and 2 hr , gave results very similar to those reported for specimen No 4 


T The following procedures were employed 


(I) chromatography on filter paper in the isobutyrate solvent (ref 8), (IX) separation of 
nucleotides liberated by sodium hydroxide on ‘Dowex-2-formate’ columns by gradient elution with formic acd (ref N y 
of nucleotides liberated by potassium hydroxide through electrophoresis on filter paper in 0 02 M citrate buffer of pH 3 5 
last-mentioned system uridylic and 5-fuorouridylic acids migrate together 


(III) separation 
(ref 9) In the 
The fliuoronucleotide was, therefore, determined separately by 


electrophoresis in 0 1 Af borate buffer of pH 9 15, 1n which 16 migrates as the fastest component (ref 4), and the estimates of uridylic acid were 


suitably corrected 


uracil into the uridyhe acid, but not its utilization 
for the cytidyhe acid, of the ribonucleic acid of 
the mutant It may also be mentioned that we 
have encountered no mdication of the entrance of 


5-fluorouracdl into the deoxyribonucleic acid of 
E col 


Table 2 EFFECT OF 5-FLUOROURACIL ON INCORPORATION OF URACIL- 
2-46 into E coh RIBONUCLEIO ACID 


Exponentially growing cells of the E col: mutant 63-86 were washed 
and starved of uracil (ref 1) After the addition of uractl-2-“C 
(20 ugm /ml , specific activity 25,000 e p m /umole) the preparation 
was divided into two equal parts one of which received 6-fluorouracil 
(50 ugm jml) During the subsequent incubation at 37°C for 8 hr, 
equal amounts of eibonucleie acid were formed in both preparations 
The radioactivity found in the purine nucleotides and in 5-fluorouridylie 
acid amounted to less than 5 per cent of that incorporated into the 
pynmidine nucleotides The results are reported per ml of cell 
suspension 





Uracil-2-4C incorporated 


Incorporation 
(um moles per ml ) 


ratio, uridylic 








Specimen pana aeid to cyti- 
Unidyhe acid | Cytidylic acid. dylic acid. 
Normal 251 29 5 0 85 
Treated with 
5-fluorouracil 143 80 0 0 48 





We are indebted to Dr J A Aeschlimann, Hoff- 
mann-La Roche, Ine , Nutley, N J , for specimens of 
the fluoro compounds used m these studies. The 
uracil-requirmg mutant, originally isolated by Prof 
B D Davis, of Harvard University, was given us by 
Dr E Borek Weare gratefulto Dr J J Saukkonen 
for helpful discussions and to Mr R L Cooper for 
technical assistance The work was supported by 
grants from the United States Pubhe Health Service 
and the National Science Foundation 
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MEASUREMENTS OF TEMPORAL ADAPTATION TO SPATIAL 


DETAIL 


VISION 


By A. J. SEYLER and Z L. BUDRIKIS 


Research Laboratories, Postmaster-General's Department, Melbourne 


f b 1s neurophysiological and psychological 
evidence’? that temporal as well as spatial 
adaptation processes are involved in visual per- 
ception From this we argued that after the presenta- 
tion of a new visual pattern a certain time may be 
required for & viewer to recognize spatial detail in 
this new pattern 

A quantitative measure of the perceptual time delay 
versus the size of detail would be a significant design 
parameter for a variety of control and communication 
systems mvolvmg the human sense of vision. 
Tachistoscopre visual recognition tests and reaction 
time measurements have been reported, but we think 
that these have a different significance, because the 
object, and thus the design, of the experiments are 
different. 

The 1dea behind our experiments was that, if the 
viewer requires a definite adaptation time to perceive 


spatial detail m a newly presented visual scene, ıt 
should be possible to measure this effect by presenting 
the new scene ın such a way that the detail size i8 
decreased progressively in tame after the mstant of 
presentation In other words, the new scene is 
‘blurry’ when it 15 presented to the viewing subject 
and 18 made increasingly ‘sharper’ as function of time 
If this temporal increase ım objective sharpness 
oceurs faster than the subjective adaptation to the 
perception of detail, the viewer will not notice the 
effect If, however, the temporal adaptation process 
of the viewmg subject proceeds faster than the 
objective increase m sharpness, 1b will be noticed by 
the subject that the scene had been blurred mitaally 
It wil be recognized that this approach contains 
certain elements of transiont response testing of 
electrical systems where the response to a finite 
transition (m time and amplitude) is given by the 
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convolution of exeiation and transfer function 
Hence, for our tests, we argued that the fimte tem- 
poral increase in sharpness will not be noticed, when 
the perceptual time response to 1b 18 not ‘noticeably’ 
slower than what 1t would have been to a scene which 
was sharp from the instant of its presentation 
(response to an ideal stimulus). 

Because the ‘sharpness’ of a picture can be con- 
venently varied (along the horizontal dimension) by 
varying the band-width of a television picture signal 
using a variable low-pass filter, television-type 
presentation was chosen This also facilitated rapid 
change-over from one scene to another by electronic 
means The test scenes were stationary (slides) while 
between presentations of these was displayed an 
‘interlude’ of a normal television programme without 
sound recerved from local stations This, we found, 
prevented starmg at the display area, provided 
relaxed viewing conditions with no specific bias 
towards any one fixation point and introduced a close 
similarity to actual viewmg in everyday situations 

The expermnental conditions were as follows 
Television pictures m accordance with the CCIR 
Standard (625/50/25) having a maxımum signal band- 
width of 5 Me /s. were displayed on a studio monitor 
of 9 m x 12 m. picture dimensions The montor 
was surrounded by a flat grey surface, 48m x 68m 
Indirect ambient hghtmg was used m the test area 
The brightness of the surround was 0 2 foot-lambort, 
picture peak white 4 foot-lambert and picture black 
0 1 foot-lambert (measured with SHI-Photometer) 
Two different viewmg distances were used, one at 
four tunes, the other at eight times, picture height 
Correspondingly, the maximum picture dimension 
(width) had a subtended angle of 19° and 9° 30’ 
for the two distances and minimum detail size for 
any signal band-width of B Me [s 18 given by 11 4/B 
and 5 7/B mmutes of are respectively 

By means of a voltage-controlled contmuously 
variable low-pass filter® the signal band-width was 
varied from a mmmum Bm Me js at the tme of 
scene change-over, £ = 0, to the system band-width of 
Bs =5 Mc/s at ¿=T m accordance with the 
following tıme function 


BY) = Bn exp(7s log z) Mc jp, 0t cT 


Thus the mmmum detail size m minutes of are 
subtended angle varied for the two viewing distances 
as 


57 


S(). = = BO 


The mmimum band-width Bm (degree of blurriness) 
and the recovery time 7 as well as the test slde 
were preset by the expermmenter without the subject 
knowing the conditions After bemg prompted by 
the expermenter the subject pressed a control button 
by which the mterlude scene was replaced by the 
test scene The equipment was controlled so that 
change-over took place during the suppression interval 
(of approximately 15 msec) between television 
frames followmg the pressing of the button This 
instant bemg time ¢ = 0 was aiso the beginning of 
the recovery of the filter from the preset mmimum 
to full system band-width, which caused the mereasing 
of the objective picture sharpness over the mterval 
0<t<T Shortly afterwards, the subject announced 
by “Yes? or ‘No’ whether a blurring of the picture was 
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‘seen’ or not The test slide display was then changed 
back to the mterlude by the experimenter before the 
next experumnental condition was established An 
average of not more than 150 decisions were made by 
each subject during a single session m order to prevent 
turing The sequence of the three experimental 
parameters was selected from a table of random 
numbers 

In tests of this nature ib is desirable to have 
approximately equal frequencies for “Yes’ and ‘No’ 
We therefore carried out exploratory tests at a view- 
ing distance of four times picture height by which 
we intended to find values for B,, for which the 
decisions went from 100 per cent ‘No’ to 100 per cent 
Yeg’ when T was varied For B, ranging from 0 28 
to 4 Mc [s and T from 20 to 2,600 msec , full transi- 
tions from 100 per cent ‘No’ to 100 per cent ‘Yes’ 
could only be obtamed for Bm less than 1 Me fs 
At this particular setting the percentage ‘No’ never 
fell below 60 per cent and seemed to vary m an 
unsystematic way for recovery times exceeding l sec 
We therefore concentrated on the two values of 
0 28 and 05 Mejs for Bm, corresponding to 40 6 
and 22 8 minutes of are for the maximum detail size 
at four times picture height and 20 3 and 11 4 mmutes 
of arc at eight times picture height viewing distance 
The munmnum detail size for the two distances and 
t> T was 2 28 and 1 14 mmutes of are For each 
setting of Bm eight different recovery times were 
used, bemg 80 < T < 2,600 msec and 40 <T < 
2,080 msec for Bm = 0 28 and Bm =05 Mc/s 
respectively 

Three different test shdes were displayed One 
of these depicted a group of three children, the second 
an aerial view of & city and the third a stone hut, 
all three contamed fine detail and sharp contours of 
good contrast but different distribution over the 
pictures area Since the experiment was not concerned 
with à semantic recognition, the pictomal content 
of the slides was of less significance than the avail- 
ability of detail to which the subject’s perception 
would adapt itself 

Four male subjects belongmg to the staff of the 
Laboratories were tested They were all familar with 
the expermnent and the appearance of the reduced 
detail presentation. Therefore, they may be classed 
as skilled and critical observers 

The ‘percent not seen’ (‘No’) for each exper- 
mental condition were computed taking the decisions 
of all subjects on all test shdes together "The resulting 
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Fig 1 Percentage not seen versus recovery time Viewing 

distance, four times picture height I, (O — O) Bm = 0 5 Mefs, 

Smar = 228 mm of arc, TI, (@—@), Ba = 0 28Mo [5 , Smax 
= 40 6 mın of arc 
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experimental points were fitted to a normal distribu- 
tion versus the logarithm of recovery time (T) as 
shown in Figs J and 2, usmg the method of least 
squares Hach point represents 36 decisions The 
permissible recovery times for which the mihal lack 
of sharpness m detail was not seen m 50 per cent of 
the presentations are listed with the respective 
experimental conditions in Table 1 

Although within the same viewing distance the 
permissible recovery time increases approximately m 
the same ratio as the mitia] detail size decreases, for 
the doubling of the viewing distance (that 15, halvmg 
of detail size for the same By) the recovery time 
increases only by a factor 1 25 

From what is known about human sensual 
phenomena we cannot expect lmear behaviour over 
any extended range of inputs and stimulus conditions 
Hence we consider 1t unjustified to attempo an extra- 
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Table 1 
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arc) 2 28 
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arc) 
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50 per cent ‘No’ 160 
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polation from the restricted data at our disposal at 
this time However, the mam conclusions which 
we may draw from the results of the experiment 
are that a certam time 1s required after the presenta- 
tion of a new and remaming visual display before 
the perception threshold for fine detail 1s reached, 
and that due to this effect rb 1s possible to expand 
the tme interval withm which detail m changing 
complex visual displays 1s offered to the viewer 
without noticeably mterfermg with the normal 
perception process 

It must be left to further extended expermments to 
attempt a determination of the functional relation- 
ships between the relevant parameters 

We are mdebted to the Supervismg Engmeer, 
Research, Postmaster-General’s Department of 
Austraha, for permission to publish the materal 
contamed in this communication 
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EFFECT OF OXYGEN TENSION ON H/EM AND PORPHYRIN 
BIOSYNTHESIS 
By J. E. FALK, R. J PORRA and ANN BROWN 


Division of Plant Industry, Commonwealth Scientific and Industrial Research Organization, Canberra 
AND 


F. MOSS and HELEN E. LARMINIE 
Biology Department, University of New South Wales, Sydney 


HE adaptive synthesis of cytochromes in aerobic 
and anaerobic conditions of culture 1s well 
known!. It has been shown by one of us? that as the 
oxygen tension in the culture medium 1s increased, 
the synthesis of cytochrome a, by Aerobacter aerogenes 
increases to a maximum, and then decreases when 
stil higher oxygen tensions are apphed The 
maximum was reached when the oxygen concen- 
tration in the medium was of the low order of 0 1 M 
It was suggested that a self-regulatory mechanism 
may operate, the formation of cytochrome a, bemg 
controlled m bs the respiratory require- 
ments umposedi revailing oxygen tension 
It occurred at prosthetic group synthesis 
might be affected by the oxygen tension ‘The 
prosthetic group of cytochrome a, 1s an 1ron-chlorm?, 
and nothing 1s yet known about the biosynthesis of 
this cytochrome or its prosthetic group It has now 
been found, however, that the biosynthesis of 


protoporphyrin and hem, m chicken erythrocyte 
preparations m vitro, appears to be regulated by 
oxygen tension 

Whole blood (25 ml) from normal chickens was 
shaken with glyeme (final concentration 0 056 M) 
and l mgm each of heparm, penali and strepto- 
mycin, at 38° C The gas mixtures all contained 
5 per cent carbon dioxide and the relevant concen. 
tration of oxygen , nitrogen was used as diluent The 
mixtures were made in aspirators, and by displace- 
ment with water were bubbled through the meubation 
mixture at the rate of 21 /hr The conical meubation 
flasks were closed with Bunsen valves, and frothing 
was controlled by a few drops of octanol When 
washed cells were used, 25 ml of blood was centrifuged 
and the serum and the ‘buffy coat’ removed The 
erythrocytes were washed three times with isotonic 
sodium chloride and resuspended in isotonic sodium“ 
chloride to & final volume of 25 ml Substrates and 
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antibiotics were then added, and mcubations carried 
out, as described for whole blood Porphyrm and 
hem synthesis were determmed as described by 
-Dresel and Falk 

As shown in Fig 1, the synthesis of copro- and 
proto-porphyrins and hem m. this system 18 regulated 
by oxygen tension The synthesis of protoporphyrm 
and hm is related lnearly to tine under these 
conditions (cf Fig 3, and Dresel and Falk‘) 

It ıs not possible, without further experiments, to 
say whether or not the optimum oxygen tension for 
the synthesis of hem ıs the same as that for proto- 
porphyrm The situation 1s complicated by the 
effects of oxygen upon the meorporation of mon into 
protoporphyrm The tissue-catalysed combination 
of ferrous won with protoporphyrin is inhibited by 
oxygen®, and the liberation of mon from storage in 
liver ferritin is promoted by low oxygen tensions? 
Such_ factors may contribute to the very great 
inhibition of hem synthesis at the highest oxygen 
tensions (Fig 1) 

10 


Porphyrins and ham synthesized (mp moles/ml ) 
e 





7 14 20 


40 60 95 
PO, (per cent) 

Fig 1 ‘The control by oxygen of ham and porphyrin synthesis 

from glyeine in whole chicken blood Whole blood (25 ml ) was 

imeubated for 8 hr , as described in the text P, protoporphyrin , 

Q, coproporphyrin, H, hem 

When the erythrocytes were washed three trmes 
with isotonic sodium chloride before incubation with 
glyeme, the curve for protoporphyrin formation was 
found to be similar m form to that shown in Fig 1, 
but maximum synthesis was depressed by about 80 
per cent (Fig 2) 

That the mhuibition of protoporphyrm formation 
by higher oxygen tensions 1s reversible 1s shown m 
Fig 3 We have not been able to demonstrate 
marked degradation of protoporphyrin at ‘imhibitory’ 
oxygen tensions 

Durmg the biosynthesis of porphyrins, ‘aerobic’ 
reactions are known to be required for the formation 
of $-ammolevulic acid, but not again until near the 
end of the biosynthetic pathway, for the final forma- 
tion of the vinyl side-chains, and possibly also for the 
Oxidation of a porphyrmogen to the porphyrin 
levelt® The risig slopes m Fig 1 reflect these 
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Fig 2 The control by oxygen of porphyrin synthesis from 

glycine in washed chicken erythrocytes The cells from 25 ml 

blood were washed and incubated for 10 hr , as described in the 

text C,coproporphyrin, P, protoporphyrin No protoporphyrin 
was formed 1n the complete lack of oxygen 
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requirements for oxygen, ıt appears that much 
lower oxygen tensions suffice for reactions prior to 
coproporphyrm formation than for the formation 
of protoporphyrm If the decreased amounts of 
protoporphyrm found at higher oxygen tensions are 
not due to degradation reactions, they would appear 
to be due to an inhibition by oxygen of some step m 
the synthetic pathway As pointed out above, this 
inhibition 1s reversible, and i16 must hne far back m 
the pathway because coproporphyrin synthesis also 
is decreased at those high levels of oxygen (Fig 1) 
at which protoporphyrm synthesis 18 decreased 

It appears possible that the control of porphyrm 
synthesis by oxygen tension may play an mmportant 
part in cytochrome adaptation ın bacteria, though 
the production of some cytochromes by obligate 
anaerobes must be considered There ıs also evidence? 
that the synthesis by micro-organisms of some 
colourless enzymes is controlled by oxygen tension 

It ıs interesting to relate the present findings to 
anımal physiology The stimulatory effect of anoxia 
upon erythropoiesis m higher animals® and in 
Crustacea, and other mvertebrates'® is well known, 
and it has also been shown that high tissue-oxygen 
tensions lead to decreased erythropoiesis! In 
physiological studies, 15 has been difficult to separate 
the effects upon erythropoiesis of oxygen tension 
from those of endocrmological or other ‘plasma’ 


"| 


Porphyrins synthesized (mumoles/ml ) 





8 





Fig 3 The reversibility of the inhibition by high oxygen tension 

of protoporphyrin synthesis Whole chicken blood was incubated 

ag described in the text Curve 4, 5 per cent oxygen, curve B, 

95 per cent oxvgen , curve C, 95 per cent oxygen for 4 hr , then 
5 per cent oxygen for 4 hr 


No 464 October 17, 1959 


factors? The present experiments mdicate that 
there is an oxygen effect exerted directly on a step 
or steps in the biosynthetic pathway to hem In 
studies on vitro of bone marrow from rabbits damaged 
by X-mradiation, and of normal marrow, it has 
been demonstrated that hem synthesis precedes that 
of globm , oxygen tension, by limiting directly the 
synthesis of hem, may be expected to hmut hemo- 
globm synthesis That the rate of maturation of 
erythrocyte precursors «n vitro increases with oxygen 
tension to a maximum and falls with further increases 
of oxygen has been demonstrated’, and it appears 
possible that maturation of these cells may be inked 
to hemoglobin synthesis 

Since the above was written, Lascelles has shown 
that the formation of bacteriochlorophyll ın Rhodo- 
pseudomonas spherowles, incubated m the dark, 
reaches a maximum at a pO, of about 6 per cent 
and is depressed at higher oxygen tensions The 
formation of 8-ammolevulic acid, and the conversion 
of this to porphobihnogen, were both found to be 
sensitive to oxygen tension in R spherowes We 
have not investigated the sensitivity of these par- 
ticular reactions to oxygen m chicken erythrocyte 
preparations, but we have clear evidence (to be 
pubhshed) that some reaction after the formation of 
porphobilmogen and prior to the formation of 
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uroporphyrin ıs mhibited by oxygen tensions lugher 
than about 7 per cent A prelimunary report of this 
work has been given'* and it will be described m 
detail elsewhere It thus appears that in tetrapyrrole 
biosynthesis, oxygen may control a number of sensi- 
tive steps which could vary both quahtatively and 
quantitatively from tissue to tissue 
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POSSIBLE ROLE OF HIGHER PROPRIOCEPTIVE CENTRES IN 
THE PERCEPTION OF VISUAL SPACE AND IN THE 
CONTROL OF MOTOR BEHAVIOUR 


By Da B. GUREVITCH 


Laboratory of the Physiology of the Visual Analyser, Pavlov Institute of Physiology 
of the Academy of Sciences of the USSR, Leningrad 


WE variability of oriented motor acts may lead 

to the assumption that the transformation of 
proprioceptive impulses into signals for the appro- 
priate regulation of a movement gomg on greatly 
depends on temporary changes produced by the 
conditioning strmulus in the higher centres to which 
they are fowmg Admitting that orientation m 
space 1s mainly based on ontogenetic experience, we 
are led to suppose that the ‘Pavlov feedback’1—the 
temporary connexions of the higher proprioceptive 
sentres— play an muportant part in the organization 
of the perception of space 

This view is not generally accepted Thus, mm 
visual space perception theory, Sherrington’s concept? 
identifying the ‘muscle sense’ of the eyes with the 
nflow of mpulses from the sensory nerve endings m 
the extrinsic eye muscles is opposed by the generally 
accepted Helmholtz’s theory? affirming that we 
»valuate the direction of our sight on the basis of 
"the mnervation impulses we must apply to transfer 
she eye 1n the mtended position” 

According io a recent suggestion’, the normal 
auman perception of space “is organized on the 
xonservatrve principle of a null-hypothesis" and 
should require no analysis m terms of specific neural 
»vents Such a rather paradoxical view will scarcely 
satisfy the physiologists interested m the vestigation 
of nervous mechanisms subserving normal life 
functions 

Now, from Helmholtz’s typical ‘outflow’ theory 1t 
would follow that for every eye rotation a correspond- 


ing mnervation pattern is quantitatively ‘pro- 
determined’ by the ‘sense of mnervation’ Hence, 
as the eyes mm ther movements (especially horizon- 
tal) constitute a system with constant mechanical load, 
equally directed eye fixation movements of a subject 
m equal conditions ought to follow the same course 

To study eye rotations under the action of the 
‘muscle sense’, conditioned fixation movements have 
been systematically investigated in 14 normal sub- 
jects In response to the conditioning sound stimulus 
(400/sec , 30 db above audibility threshold, applied 
during 14 sec ) the subjects had to turn them eyes in 
total darkness and to mamtam them in the directions 
m which formerly visible points appeared and were 
fixed A total of 14,000 large-scale electrooculo- 
graphic records were examuned, and the results 
analysed statistically 

Previously, ıt has been shown’ that conditioned 
eye ‘muscle sense’ has significant directional power, for, 
in the mean, 40 per cent of all conditioned eye move-* 
ments were found to be as precisely directed towards 
the goal as fixation movements to visible objects, and, 
once attained, a grven position of the eyes was further 
as exactly mamtained in complete darkness 

It was no less significantly demonstrated (Fig 1) 
that even in a series of successive trials, the saccadic 
movements of the same subject’s conditioned eye 
fixation, transferring the line of regard into one and 
the same exact final direction, nevertheless differ 
essentially one from each other as regards charac- 
teristics and composition of the saccade, and namely as 
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Central Fixation 
pornt he 


Conditioning sound 







wen direction 
E" 


Corrective 


Rarer course 
of eye movements 


Fig 1 


Abselssa time, ordinates eye displacement during trials 


t per = latent period 


to (a) the number of single eye jerks 1n 1b (for example, 
from 1 to 3, and up to 6 jerks m the total saccade), 
(b) the sıze of these jerks (varymg, most generally, 
from 30 to 100 per cent of the total fixation movement, 
and m extreme cases from 15 per cent up to 120 per 
cent of its total size), (c) the duration of pauses 
between successive jerks in the saccades (habrtually, 
from 0 04 to 0 7 sec, and up to 1 92 sec ), (d) the 
angular speed of the eye movement im jorks of equal 
size (from 60 to 140 per cent, and nob infrequently up 
to 200 per cent of rts mean value) In some cases 
reversals have been observed m the usual succession 
of diminishing jerks, and in some other cases excessive 
jerks have been recorded, followed by corrective 
jerks m the opposite direction 

Such a fundamental variability of the composition 
of equally directed saccadic fixation movements 
characterizes conditioned eye rotations of every size 
in the horizontal plane as well as in vertical and m 
diagonal planes We may conclude that conditioned 
eye movements of equal total size and direction, just 
like motor acts of the organism as a whole, are 
generally produced by essentially variable sequences 
of mnervation umpulses, which ıs imconsistent with 
the innervation theory On the other hand, the now 
well-known proprioceptors? of the extrmsic eye 
muscles are the only sensory organs fing during eye 
rotations m total darkness, and this proprioceptive 
feedback is used to brmg the position of the eyes 
into accordance with the temporary central changes 
brought about by the conditionmg stimulus Thus 
the observations stiongly support the hypothesis 
that the ‘muscle sense’ of the eyes 1s mainly controlled 
by temporary changes m the higher proprioceptive 
centres, and ıt must be noted that such a mechanism 
would form a physiological basis for visual illusions 
arising i cases of dissociation between the actual 
eye position and the evaluation of the hne of regard, 
which in fact depends on conditioned fixation reflex 
irammg 

Because of the restriction of nerve connexions 
engaged and the constancy of mechanical load durmg 
movement, the conditioned eye fixation reflex may 
be considered as a simple physiological model of more 
complieated motor behaviour acts 
* It appears that to remove apparent contradictions 
hetween ‘peripheral’ theories of behaviour control 
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Representative scheme showing typical variabibty of equally directed precise 
(——) or imprecise (-~~) conditioned eye fixation movements in successive trials 
From more than 2,000 
records of conditioned eye movements in the dark of six subjects, in various given 
directions from 6° 20’ to 35? off the centre in the horizontal plane Optically elicited 
and conditioned changes in eat are preceded by latent periods of about 0 15 sec 
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(ike Sherrmgton’s) and ‘central 
theories (like Helmholtz’s), Pav- 
lov’s theory must be applied to 
sensory ares of the conditioned re- 
flex Fig. 2 represents a hypo- 
thetical scheme based on Pavlov’s 
concept of temporary cerebral kin- 
esthetic feedback The external 
Stunuh, having formerly comeided 
with reactions fulfilled and re-in- 
forced, on eliciting a reaction by the 
way of its effectory centre, sumul- 
taneously produce 1n the higher pro- 
prioceptave centres changes just like 
those which, beforehand, became 
reinforced at the fulfilment of the 
] reactions Durmg the course of the 
reaction, the umpulses ascending to 
the higher proprioceptive centres 
from the sensitive endmgs m the 
effectory organs are constantly re- 
codified according to the functional 
state of these centres and, bemg 
thus transformed mto signals of cor- 
rection, take part m the regulation of the reaction un- 
til its fulfilment and repeated remforcement Thus, 
1b appears that behaviour acts romam on the whole 
adequately directed, because of the regulation during 
their course of the efferent nerve supply by the 
higher proprioceptive centres, according to changes 
brought to these centres by conditioning stimul 


zk 


Fig 2 Hypothetical scheme of the central ‘sensory’ control 

of behaviour, 1, cortical representation of the conditioning 

stimulus, 2, cortical centre of the unconditioned reaction , 

3, cortical effectory and 4, cortical sensory centre of the condi- 

tioned reaction, 5, effectory organ and 6, sensory endings in 1b , 

7, 8, subcortical centres Arrows show the supposed directions 
of the main innervation flows engaged 
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It 18 only in the frame of the conditioned changes 
m the higher sensory centres that the afferent impulses 
from the effectory organs get them full meaning for 
the organism ‘Muscle sense’ arises from co-operation 
and mutual control, as behaviour acts are gomg on, 
of certam sensory events of external and internal 
origm, this co-operation and mutual control bemg 
rendered possible by the conditioned reflex mechan- 
isms = Thus, the mechanisms of elaboration of 
temporary changes m the higher proprioceptive 
centres may be regarded as probably the more 
general physiological basis of psychic space percep- 
tion phenomena 
! Pavlov, I P, Psychologwal Rev , 89, 97 (1982) 

* Sherrington, €. S , Brain, 41, 332 (1918) 


* Helmholtz, H v , “Handbuch der physiologischen Optik", 3 Aufl 
(Voss, Lerpzig, 1910) P S 


* MacKay, D M , Nature, 181, 507 (1958) 
* Gureviteh, B Kh , Doklady Akad Nauk, SSSR , 115, 829 (1957). 
* Cooper, S , and Daniel, M. P., Bram 72, 1 (1949). 
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FORTHCOMING EVENTS 


(Meetings marked uth an asterisk * are open to the public) 


Monday, November 30 


Royal Socmty (at Burlington House, Piccadilly, London, W 1), 
at 2 80 p m —Anniversary Meeting y 


INSTITUTE OF METAL FINISHING (in the Canterbury Room of the 
Charing Cross Hotel, London, W C 2), at 245 pm —Mr A A B 
Harvey “The Role of the Scientifle Society” (Presidential Address) 


UNIVERSITY COLLEGE (in the Physiology Theatre, Gower Street, 
London, WC 1), at 5 pim —Prof E P Kennedy (Umversity of 
Chicago) “The Biosynthesis of Complex Lipids” > (First of two 
lectures in Biochemistry Further lecture on December 7.) 


ROYAL INSTITUTION, LIBRARY CIROLE (ab 21 Albemarle Street, 
London, W 1), at 530 pm-—Dr L Pearce Willams “Faraday 
Through His Manuscripts" 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
S W 7), at 830 pm —Prof © von Furer-Haimendorf “Sherpas of 
Eastern Nepal’ 


Tuesday, December | 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C 1), at 115 p m —Prof R E D 
Bishop “Vibration Problems in Engineering" * 


INSTITUTION oF ELEOTRIOAL ENGINEERS, MEASUREMENT AND 
ELECTRONICS SECTIONS (at Savoy Place, London, W C 2),at 530p m 
—Dr L Essen, I Vv Parry and Mr J McA Steele “Fre- 
quency Variations of Quartz Oscillators and the Earth's Rotation in 
Terms of the NPL Cesium Standard" 


UNIVERSITY OF LONDON (at Imperial College of Science and Tech- 
nology, London, S W 7), at 6 30 p m —Prof H K Porter “Physio- 
logy has No Frontiers" (Inaugural Lecture) 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, WC 1), 
at 530 pm—Dr J i Gowans “The Lymphocyte’ * (Twelfth 
of fifteen lectures on “The Scientific Basis of Medicine" organized by 
the British Postgraduate Medical Federation Further lectures on 
December 3, 8, 10) 


PLASTICS INSTITUTE (at the Wellcome Building, 183-193 Euston 
Road, London, N W 1), af 630 pm —Mr M X E Ashenden 
"Plastics and the Law” 


ROYAL AERONAUTICAL SoorETY (at 4 Hamilton Place, London, 
W1)at7pm —Dr I M Hall “Transonic Flow Over Swept Wings" 


Wednesday, December 2 


INSTITUTE OF PETROLEUM (ab 61 New Cavendish Street, London, 
1w1),at530p m —Mr J Marechaland Mr P de Radatsky “Poten- 
tialities of Urea in Dewaxing Middle and Heavy Duist.lates” 


INSTITUTE OF INFORMATION SorENTISTS (at the Berners Hotel, 
10 Berners Street, London, W 1),at 6 p m —Discussion on “Languages 
in Information Work—To What Extent 1s Competence in a Foreign 
Language an Essential Qualification for an Information Scientist?” 


Wednesday, December 2—Thursday,” December 3 


IRON AND STEEL INSTITUTE (in the Great Hall, Caxton Hall, Caxton 
Street, London, S W 1, and the Hoare Memorial Hall, Church House, 
Great Smith Street, London, 8 W 1), at 980 am daly—Autumn 
General Meeting 


Thursday, December 3 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C 1), at 115 pm—Mr P R 
Bell “The Origin of Indian Corn” * 


ROYAL SOCIETY (at Burlington House, Piccadilly, London 
at 430 pm—) H Hdgcombe and Prof R G. W Nornsh, 
FRS © “A Study of the Mechanism of Photochemical Electron 
Transfer Processes in Solution", Mr I M Dawson and Mr E A C 
Follett ‘An Electron Microscope Study of Synthetic Graphite" 


INSTITUTE OF MARINE ENGINEERS (joint meeting with the INSTITUTE 
OF NAVAL ARCHITECTS, in the Weir Hall, 10 Upper Belgrave Street, 
London, S W 1) at 445 pm —Prof G Aertssen “New Sea Trials 
on the Sandblasted Lubumbashi” 


UNIVERSITY OF LONDON (at the London School of Economies and 
Political Scrence, Houghton Street, London, W C 2), at 5 p m -Dr 
B R gaeh “Rethinking Anthropology"* (Malnowski Memorial 

ecture 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SEOTION (at John Adam 
Street Adelphi, London, W C 2), at 5 15 p m —Mrs Mildred Valley 
Thornton “Indians of British Columbia” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W C2) at530pm—Mr O B B Woodand Mr I J Shelley “The 
Transmission of News Film over the Trans-Atlantic Cable” 


SOCIETY oF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint 
meeting with the SOCIETY FOR APPLIED BACTERIOLOGY, at the Royal 
Society of Medicine, 1 Wimpole Street, London, W 1), at 6 15 pm — 
Dr F Brown “Infective Ribonucleic Acid from the Virus of Foot- 
and-Mouth Disease" 


wih, 
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Friday, December 4 


INSTITUTION OF ELECTRICAL ENGINEERS, MEDIOAL ELECTRONICS 
DISCUSSION GROUP (at Savoy Place, London, W C 2), at 6 pm — 
Discussion on “Nuclear Magnetic Resonance”, opened by Dr N 
Sheppard and Dr R E Richards 


SOCIETY OF DYERS AND COLOURISTS (at the Royal Society, Burling- 
fon House, Piccadilly, London, W 1),at 6 pm —Mr R C Oakley 
“Dyeing of Ribbons", Mr R Woods “Dyeing of Carpet Yarns” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9pm—Dr H A Thomas *'Électronic *Brams' ” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

LECTURERS OR ASSISTANT LECTURERS (suitably qualified graduates, 
with some experience in any of the branches of electrical engineering) 
in the Department of Electrical Engineering—-The Registrar, The 
University, Manchester 13 (November 21) 

LECTURER IN TELECOMMUNICATION, to undertake undergraduate 
and postgraduate teaching and to aupervise research involving in- 
formation analysis and experimental work, including the human 
element—Head of the Electrical Engineering Department, Imperial 
College of Selence and Technology, Exhibition Road, London, 8 W 7 
(November 24) 

LECTURER (with a degree in psychology or equivalent and experience 
of teaching and clinical work) IN EDUCATIONAL PsSYcHOoLoGY—The 
Registrar, University College, Swansea (November 28) 

SENIOR LEOTURER AND A LECTURER (preferably with a major 
interest in applied thermodynamics or applied mechanics, especially 
the theory of machines) in Engineering (Mechanical)-—The Registrar, 
The University, Manchester 13 (November 28) 

SENIOR LECTURER, LECTURER, and an ASSISTANT LEOTURER IN 
THE DEPARTMENT OF MECHANICAL HNGINEERING—-Tho Registrar, 
Royal Technical College, Salford, Lancs (November 28) 

ASSISTANT LECTURER (DEMONSTRATOR) IN ANATOMY to undertake 
teaching and research , and a RESEARCH ASSISTANT (with an honours 
degree in zoology or medical sciences, and preferably a knowledge of 
German) IN THE DEPARTMENT OF ANATOMY, for work mainly on the 
central nervous system—The Secretary, University College London, 
Gower Street, London, WC1 (November $0} 

LECTURER IN APPLIED MATHEMATICS at Victoria University of 
Wellungton, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth, 86 Gordon Square, London, W C1 
(New Zealand, November 80) 

RESEARCH OFFICER (with veterinary quahfications), for studies 
on virus of foot-and-mouth disease in farm an:mals-~-The Secretary, 
Eevee MMC (Animal Virus Diseases), Pirbright, Surrey (Nov- 
ember 

SENIOR LECTURER IN CHEMISTRY at Victoria University of Welling- 
ton, New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, WC1 (New 
Zealand, November 30) 

RESEAROH ASSISTANT (with a first- or second-class honours degree 
in chemistry, or alternatively, graduate member of the Royal Institute 
of Chemistry) IN OnEWMISTRY—-The Principal, Coventry Technical 
College, Butts, Coventry (December 1) 

LECTURER (with experience in either heavy electrical machinery 
or of power transmission and distribution) IN ELECTRICAL ENGINEER- 
ING—The Registrar, University College of South Wales and Monmouth- 
shire, Cathays Park, Cardiff (December 4) 

ASSISTANT or ASSOCIATE PROFESSOR OF APPLIED MATHEMATICS— 
The Chairman, Department of Mathematics, McMaster University, 
Hamilton, Canada (December 10) 

SENIOR LECTURER, or LECTURER (Grade I) IN BOTANY at University 
College, Ibadan, Nigeria—The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, WC 1 
(December 12) 

SENIOR LECTURER or LECTURER IN EXPERIMENTAL PHARMACOLOGY 
—tThe Secretary, The University, Aberdeen (December 14) 

CHAIR or PHYSICS, CHAIR OF GEOLOGY, CHAIR OF ZOOLOGY, and 
CHAIR oF BaoTERIOLOGY in the University of Khartoum—The 
Registrar, University of Khartoum, c/o Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W C1 
(December 15) 

EMPIRE RHEUMATISM COUNOIL FELLOW (with medical or scientific 
qualifications), to prosecute research in the fleld of rheumatism— 
The General Secretary, Emmre Rheumatism Council, Faraday House, 
8-10 Charing Cross Road, London, W € 2 (December 15) 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF ZOO- 
LoGy—The Registrar, The University, Liverpool (December 19) 

LECTURER or ASSISTANT LECTURER IN PHARMACEUTICS at the 
University of Malaya (Singapore Division)—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C1 (January 15) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEMISTRY, 
PHYSICS, METALLURGY, ENGINEERING, GEOLOGY, AGRICULTURAL 
SCIENCE and related subjects—'The Registrar of the University of 
Wales, University Registry, Cathays Park, Cardiff (March 7) 

ASSISTANT BIOCHEMIST (Basic grade) (with an ap propriate science 
degree, or Associate or Graduate Member of the Royal Institute of 
Chemistry) IN THE DEPARTMENT OF PATROLOGY—The Superintendent, 
Northampton General Hospital, Northampton 

ASSISTANT, Grade B, IN Paystcs—The Clerk to the Governors, 
Woolwich Polytechnic, London, 8 E 18 

HEAD OF THE DEPARTMENT OF AERONAUTIOAL AND MECHANICAL 
DzstaN—The Registrar, Hatfield Technical College, Hatfield, Herts 

MASTER TO TEACH MATHEMATICS, with a good share in sixth form 
work—The Headmaster, Bedford School, Bedford 

MASTER TO TEACH SCIENCE AND MATHEMATICS up to Middle Schoo? 
level—The Headmaster, King’s School, Rochester, Kent 
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RESEARCH ASSISTANT TO WORK IN THE PHARMACOLOGY DEPART- 
MENT on inflammation and anti-inflammatorv substances—The Dean, 
Guv’s Hospital Medical School, London Bridge, London, 8 E 1 

SENIOR ASSISTANT PHYSICIST (with some experience in medical 
physics) to act as deputy to the Principal Phwereist and to take 
responsibility ın radiation physics and isotope work—The House 
Governor, King's College Hospital, Denmark Hill, London, S E 5 


REPORTS and other PUBLICATIONS 


(not yneluded qn the monthly Books Supplement) 


Great Britain and Ireland 
Council for the Preservation of Rural England Thirty-thud Annual 


Report, 1058-1959 Pp 76+4 plates (London Council for the 
Preservation of Rural England, 1959 ) {810 
Tobacco Manufacturers’ Standing Committee Research Papers 


No 4 Cigarette Smoke Condensate—Preparation and Routine 
Laboratory Estimation Ty H R Bentleyand J (» Burgan Pp 1+9 
(London Tobacco Manufacturers’ Standing Committee, 1950 ) [810 

EMI News, Vol 1 No 1 (October 1959) (The Newspaper of the 
EMI Group of Companies ) Pp 12 (Hayes, Middx — Electric and 
Musica) Industries, Ltd , 1959 ) [810 

British Society for the Promoticn of Vegetable Research Ninth 
Annual Report, 1958 (October 1957-September 1958) Pp vin+55 
(Wellesbourne Warwick British Society for the Promotion of Veget- 


able Research, 1959 ) [8 
British Museum (Natural History) The Neolithie Revolution 
By Sonia Cole Pp vi+60+18 plates (London British Museum 
(Natural History) 1950) 5s 810 
Colonial Office The Colonial Territories, 1956-3959 Pp xxv--109 
(Omnd 780 )(London HM Stationery Office, 1959 ) 10s 62 net [810 
Post Office Report of the Advisory Committee on the Inland 
Telegraph Service, 1958 Pp iu--11 (London HM Stationery 
Office 1959) 1s net 810 
Report of the Committee on the Rating of Charities and Kindred 
Bodies Pp iv+86 (Cmnd 831) (London HM Stationery Office, 
1959) 5s net [810 
Air Ministry Meteorological Office Tables of Temperature, Relative 
Humidity and Precipitation for the World Part3 Europe and the 
Atlantic Ocean North of 85°N Pp x+159 (London HM Station- 
ery Office, 1059 ) 14s net [810 
British Scientific Instrument Research Association Research 
Report M39 Adhesives Guide By Mrs Joyce Hurd Pp vin--188 
(Chislehurst British Scientific Instrument Research Association, 
1959 ) 208 810 
National Central Library 48rd Annual Report of the Executive 
Committee for the year ending 28 February 1959 Pp 20 (London 
National Central Library, 1959 ) [810 
Scientific Cot nei) for Africa South of the Sahara Publication 
No 28 Radio Isotopes (Pretoria, 1957) Pp 280 Publication No 
34 CSA Specialists’ Meeting on Road Research, Lonrenco Maranes, 
1959 Pp 48 (London Scientific Council for Africa South of the 
Sahara, 1959 ) 81 
Fifth Report from the Select Committee on Estimates, Session 
1958-59 United Kingdom Atome Energy Authority (Production 
Group and Development and Enemeering Group ) Pp haxv (Lon- 
don HM Stationery Office, 1959) 5s net [1410 
University of London University College Calendar, 1959-60 
Pp lxvi+502 (London University College, 1959 ) [1410 
Effects of Printing Tvpes and Formats on the Comprehension of 
Scientific Journals By É C Poulton Pp 1+22 (Cambridge At 
the University Press, 1959 ) 1410 
Department of Scientific and Industrial Research Building Re- 
search Station National Building Studiegs—-Specral Report No 29 
Organization of Building Sites By R C Sansom (European Produc- 
tivity Agency Project No 302/1) Pp »+186+20 plates (London 
HM Stationery Office, 1969 ) 218 net [1410 
Department of Scientific and Industria] Research Problems of 
Progress in Industry—4 What They Read and Why—The Use of 
"Technical Literature in the Electrical and Electronies Industrice, By 
NigelCalder Pp 24 (London HM Stationery Office 1959 ) 2s [1410 
General Register Office The Registrar General’s Quarterly Return 
for England and Wales—-Births, Deaths and Marriages — Infectious 
Diseases, Weather, Population Estimates, quarter ended 80th June 
1959 (No 442, 2nd quarter,1959 ) Pp 27 (London HM Stationery 
Office, 1959 ) 2s net [1410 


Other Countries 


Fisheries Research Board of Canada Bulletin No 120 Redfish 
Distribution in the North Atlante Py Wilfred Templeman Pp 
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Chemotherapy a Symposium held at the Central Drug Research 
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6 The History and Biogeography of the Chrotogomm By D Keith 
McE Kevan Pp 246 (Lisboa Companhia de Diamantes de Angola, 
1959 
Modus of Zoology, Agra Annals of Zoology Vol 2, No 1 
Heterosaccus wndicus sp Nov , 4 Rhizocephalan Parasite of the Crab, 
Portunus pelagwus (L) By H Boschma Pp 1-20 Vol 2, No 2 
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By W E Adams Pp 21-28 Vol 2,No 3 The Second Maxilla in 
the Decapoda By P Heegaard Pp 39-46 Vol 2,No 4 A Revised 
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Pp 57-64 Vol 2, No 6 The Anatomy of the Larva of Enarmonu 
pseudonechs Meyr (Eisosmudae Lepidoptera) By T P S Teotia 
and M D Pathak Pp 65-86 Vol 2,No 7 Chemical Seed Treatment 
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Dy B K Srivastava Pp 87-94 Vol 2, No 8 The Indo-West 
Pacific Species of the Genus Polyonyr (Crustacea, Decapoda, Por- 
cellanidae) By D S Johnson Pp 95-118 Vol 2,No 9 Interpre- 
tation of some Experiments Upon the Effects of Ionizing Irradiation 
on the Tissues of Amplub ans By B M Allen Pp 119-126 Vol 2, 
No 10 The Golgi Apparatus Controversies, 1927-1057 By J 
Rronte Gatenby Pp 127-154 Vol 2, No 11 ‘The Hyord and 
Associated Structures in some Indian Reptiles By Dr Keshav 
Chandra Sondhi Pp 155-240 Vol 2, No 12 Champse brevirosires 
Werne, 1933 is a Crocodylus palustris kimbula Deraniyagala 1936 
By Otto v Wettstem Pp 241-242 Vol 3, No 1 "The Embryonic 
Cuticle of Locustana pardalina (Walker) By R K Sharan Pp 1-8 
Vol 3, No 2 The Academy of Zoology (General Information, 
Constitution, and List Members) Pp 9-30 Vol 3, No 3 The 
Effect of Host »pecies on the Oviposition of Callosobruchus chinensis 
Inn (Coleoptera, Bruchidae) By B K Srivastavaand S K Bhatia 
Pp 37-42 (Agra The Academy of Zoology, 1958 and 1959 ) [810 
Commonwealth Scientific and Industrial Researen Organisation, 
Austraha Bulletin No 281 An Australian Phytochemical Survey 
3 Saponmsin Eastern Australian Flowering Plants By J J H Simes, 
J G Tracey, L J Webb, and W J Dunstan Pp 81 (Melbourne 
Taran eats Scientific and Industrial Research Organizahor 
Indian Council of Agricultural Research Monograph No 27 
Cultural Trials and Practices of Rice in India By M Subbiah Pillai 
Pp u-4107 (New Delhi. Indian Council of Agricultural Research 
1958) Rs 775, 12s 6d [810 
European Productivity Agency of the Orgamzation for European 
Economie Co-operation The Small Family Farm a European 
Problem—Methods for Creating Economically Viable Units Pp 103 
(Project No 199/2) (Paris European Productivity Agency of the 
Organization for European Economic Co-operation, 1959 ) 600 French 
Íranes 9s , 150 dollars, 6 Swiss francs 810 
French Bibliographical Digest Biochemistry, No 27, Series II 
(April 1958 ) By Jean-Emile Courtois Pp 171 (New York Cul- 
tural Center of the French Embassy, 1959 ) [810 
Canada Department of Mines and Technical Surveys Geological 
Survey of Canada Bulletin No 45 Iron Deposits of Eastern Ontario 
and Adjoming Quebec By E R Rose Pp 1+120(7 plates) (Ottawa 
Queen's Printer, 1958 ) 1 dollar 810 
New York State Department of Health Annual Report of the 
Division of Laboratories and Research Pp 134 (Albany, New York 
New York State Department of Health ) [810 
Food and Agriculture Organization of the United Nations, Rome 
The State of Food and Agriculture, 1959 Pp ix--197 (Rome Food 
and Agriculture Organization of the United Nations, London 
Stationery Office, 1959 ) 10s , 2 dollars [810 
Involution of the Dictis Arteriosus A Morphological and Exper- 
mental Study, with a Critical Review of the Literature By A Sciacca 
and M Condorelh Pp 52 (Baseland New York S Karger, 1959 ) 
7 Swiss Francs [810 
Bulletin of the Florida State Museum, Biological Sciences Vol 5, 
No 1 Birds and Mammals from the Pleistocene of Williston, Florida 
By J Alan Holman Pp 25 (Gainesville, Florida Florida State 
Museum, 1959 ) 45 cents [810 
Metropolitan Life Insurance Company Statistical Bulletin, Vol 40 
(August 1959) ‘The Peak in Family Responsibilities Surgery Much 
Safer Accidents Among Preschool Children Seasonal Incidence of 
Communicable Diseases Pp 12 (New York Metropolitan Life 
Insurance Company, 1959 ) 810 
The Foundations of Human Evolution By Sir Wilfrid E Le Gros 
Clark, F RS (Condon Lectures) Pp 74 (Eugene, Oregon Oregon 
State System of Higher Education, 1959) 1 dollar 
International Atomic Energy Agency, Vienna International Direc- 
tory of Radioisotopes Vol 1 Unprocessed and Processed Radio- 
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ORGANIZATION OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH 
IN BRITAIN 


N the election manifesto of the Conservative Party 
released on September 11, 16 was stated that, as 
the first of five measures to promote technological 
advance m Britam and to translate this mto pro- 
ductive capacity with a high and rsmg rate of 
investment, one Cabinet Minister would be given 
the task of promotmg scientific and technological 
development ‘“‘While ıt would be wrong to concen- 
trate al Government scientific work into a smmngle 
Munmistry, this Minister for Science will have respons- 
ibility for the Department of Scientific and Industrial 
Research, the Medical and Agricultural Research 
Councils, the Nature Conservancy, the atomic energy 
programme, and the United Kmgdom contribution 
to space ieseaich" The manifesto added that the 
development of nuclear energy for peaceful purposes 
would be pressed ahead, a conference called for those 
concerned in industry and education to forward the 
spread and understanding of automation, while 
besides encouraging new mventions and the develop- 
ment of new techniques, further changes would be 
made from time to time ın the functions of Ministers 
as might be necessary to meet modein needs 
This emphasis on, the mmportance of science m the 
national welfare and the need to adapt administration. 
to ensure that due account 1s taken of scientific and 
technological advance, was followed on September 17 
by a special statement from the Labour Party entitled 
“A New Deal for Science” This statement proposed 
the appomtment as “Minister of Science” of a senior 
Munster with general responsibility for scientrfic 
affams and the authority to perfect and carry out 
by and through the various Ministries concerned a 
carefully planned programme to use modern science 
to the full This programme would melude a further 
expansion of scientific and technological education, 
more scientific tramung m the schools, and con- 
sequently more science teachers, a substantial m- 
crease in the number of research and development 
contiacts and Government grants to individual firms 
for approved long-term research projects, and the 
establishment under the Mimster of a scientific and 
technical planning board to advise on the direction 
of mdustrial research and development, on the awards 
of 1esearch contracts and on the grants to individual 
firms 
Both major pohtical parties of Britam have thus 
commutted themselves to some modification of the 
organization of research and development in the 
country, and of the means by which scientific and 
technical advice 1s presented at the highest level 
Neither statement gave sufficient mformation to 
allow a sound judgment as to which is the more 
promising proposal, but now that Mr Macmullan has 
been returned to power he has lost no time in making 
the promised appomtment The Cabmet changes 
announced on October 14 included the appomtment 
of Lord Hailsham as Lord Prrvy Seal with the general 


duty of promoting scientific and technological advance 
in consultation with the departmental Ministers No 
Ministry of Science is to be created, indeed, ıt is 
pertinent to observe that Lord Hailsham gave last 
April a reasoned argument against the practicability 
of any such appomtment, and 16 1s clear that Ministers 
will ietam executive responsibility for scientific 
matters within thew own departments and that no 
attempt will be made to limit the freedom and 
initiative of universities or mdustry m determmmg 
the content of scientific education or the direction of 
research 

Lord Hailsham, who relinquishes the chairmanship 
of the Conservative Party, takes with him, fiom the 
Lord Presidency of the Council, ministerial respons- 
ibility for the work of the Department of Scientific 
and Industrial Research, the Medical Research 
Council, the Agricultural Research Council and the 
Nature Conservancy, this constitutes a definite 
break with the structure built up in the past forty years 
and more He will also assume responsibility for the 
work of the Atomic Energy Authority, the Atomic 
Energy Office, the Overseas Research Council and 
supervision of the British contribution to space 
research At a Press conference on October 14, Lord 
Hailsham indicated that his task would be to do 
some fundamental thmkmg on the relations between 
Government and science, and he stressed his anxiety 
to do nothing to mterfere with the mdependence of 
the Government-financed scientific bodies Essen- 
tially he confirmed the views he expressed last April 
to the Institution of Chemical Engineers, and mdi- 
cated that the appomtment was only likely to show 
results after a long period and that its terms were not 
such as could easily be put down on paper 

It is thus unlikely that Lord Hailsham’s appomt- 
ment contributes anythmg maternal at the moment 
to the formal organization of the scientific effort of 
Great Britam, either in research and development oi 
in other fields Lord Hailsham’s addresses to the 
Institution of Chemical Engineers and the Institute 
of Physics last year showed how well aware he 1s of 
the dependence of our scientific and techmeal effort 
not merely on the resources allocated for such work, 
but also on education, and the mterlocking of prob- 
lems of appheation with those of defence as well as of 
industry Equally he recognizes that 1f educational 
and scientific stitutions are to function efficiently, 
they must retam complete integrity, and accordingly 
a high degiee of independence His conception of a 
scientific poliey—and presumably in this he meludes 
technological pohey—is of a partnership m which 
Goveinment, teaching mstitutions, iesearch institu- 
tions and industry all play important and inter- 
related parts It could well be that Lord Haisham 
was selected for his new office because he has publicly 
stressed the need for a more intelhgent understandmg 
of the forces at work and has mdiested that he waa 
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already thmking deeply about the relations between 
Government and science 

There can be little doubt that Lord Hailsham 
mtends to consider whether the new arrangements 
are adequate, and whether they can be improved, 
but there seems little reason to fear that new adminis- 
trative arrangements will be created without due 
forethought and consultation, or new policies con- 
certed and applied unimaginatively o: without due 
regard to the essential conditions for scientific work 
It may be expected that Lord Hailsham’s mquiries 
and thmking will lead to the elummation of some 
of the duplication of effort that can be found, 
though ıb 1s improbable that he will fail to recog- 
nize that there are occasions when such duplication 
is an advantage and an asset rather than waste 
What ıs important ıs that Lord Hailsham appears to 
be bringmg to his task the breadth of vision, the 
imagination and something of the understanding of 
the mund of the scientist that are essential for success. 

What 1s more important, perhaps, is that Lord 
Hailsham himself recognizes that the task of Minister 
of Science or for Science 1s mherently mpossible for 
any one man to discharge, and he is likely to look 
rathe: for the admimustiative arrangements which 
may best permit the Government as a whole to take 
full account of the scientific and technical factors 
involved in its decisions on policy and to ensure 
an adequate and balanced apportionment of our 
resources in man-power, in finance and in materials 
for scientific and technical work generally If also 
he exammes the question whether, as has been 
alleged, the authority of scientists m the key Depart- 
ments of State is really bemg dangerously eroded, he 
will have done as much as can famly be expected of 
any one man 

The statement, “The First Muuster for Science’’, 
which Lord Hailsham has since issued (see p 1263) of 
this issue of Nature) confirms all this He emphasizes 
the need for other Ministers m the Government to be 
scientifically mmded if his work is not to be meom- 
plete, and he stresses again that his appomtment 
should impel scientists themselves to take a share m 
thought about scientific poliey Such a policy, he 
reiterates, cannot be the product of Government 
thinkmg alone 

Several specific pomts m this statement should 
also be noted Lord Hailsham beheves that Govern- 
ment science, and perhaps all British science, is at 
present too parochually minded, too departmentalized 
and laeking m broad vision He believes also that 
the Advisory Council] on Scientific Policy holds the 
key to the situation, and announces his intention of 
relymg more upon this Advisory Council for general 
advice on questions of scientific pohey With this wel- 
come indication that the Advisory Council’s authority 
is to be restored comes the admussion at last that the 
office of the Lord President of the Council has been 
under-staffed, and the warm welcome which scientists 
generally will extend to the whole tenure of Lord 
Hailsham's statement will be accompanied by greater 
confidence m that he is now likely to enjoy the 

esorvices of a larger and more flexible office staff Lord 
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Haisham's efforts to tackle such questions as the 
general balance of scientific effort, to forge closer ties 
between Government research stations and institutes 
and the universities, and to foster ahke apphed 
research and increased benefactions for universities 
and colleges, will carry the greater conviction mm this 
context, and ıb should also assist to enlist the support 
of scientists and technologists generally, for which 
he pleads 

Above all, ıt ıs important that Lord Hailsham’s 
&ppointment should be regarded as a challenge to 
scientists and technologists generally to thmk deeply 
about the issues displayed ın this statement, many 
of which were set forth earher by Lord Hailsham 
and Sir Hugh Beaver m them addresses to the 
Institution of Chemical Engmeers It should not be 
forgotten that, however admirably an administrative 
struosure may be devised and established, 1ts effective- 
ness will always largely depend on the men who use 
it Apart, too, from the perennial temptation to 
look for rapid political returns rather than the long- 
term gains which a sound scientific policy would 
offer, the penetration of science into the more back- 
ward industries and mto some Departments of State 
18 a matter both of education and of personal mfluence 
Personalities again may play a vital part, especially 
when 1t 18 a matter of securmg co-operation 

It ıs accordmgly worth while to look carefully at 
the way previous arrangements have functioned 
before deciding on further changes Valuable clues 
may well be found as to the essential conditions, and 
even in the context of the new responsibilities which 
Mr Macmillan has entrusted to the office of Lord 
Privy Seal, Lord Hailsham will not find it easy to 
give better services to science than have been 
rendered by some of his predecessors as Lord President 
of the Council, notably Lord Balfour and Lord 
Waverley The late Sw Walter Morley Fletcher has 
written of Lord Balfour’s deep interest m the work 
of the Medical Research Council, the charrmanship 
of which he retained when he became Lord President 
in spite of the anomaly Lord Balfour was no less 
interested, however, m the work of the Department 
of Scientific and Industrial Research, aŭd sought 
strenuously to merease effective contact between 
scientists themselves and also between them and the 
administrative departments, promoting for this pur- 
pose the establishment of the Committee of Civil 
Research, the counterpart of the Committee of 
Imperial Defence 

Besides the testimony of members of these Councils 
and Committees to the encouragement and inspiration 
derived from the experience of encountering a states- 
man who possessed both the power to help research 
and the imagination, to understand its value to the 
State, there 18 on record the further services to science 
which Lord Balfour rendered at the Impenal 
Conference of 1926 Balfour said at the time 
that he regarded the work of the Research Sub- 
Commuttee of the latter Conference, over which he 
presided, as only second in importance to that of the 
Committee on Inter-Impeiial Relations, and in its 
proposals for co-ordinating research he sought to 
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forge new cultural links between all parts of the 
Commonwealth, through the departments and mdi. 
viduals engaged in scientific work in every field The 
recently formed Overseas Research Council owes 
something to the foundations thus laid, and 16 might 
well be worth re-examining the circumstances which 
have held back for a generation such a promising start 

If there ıs thus on record how much can be achieved 
by a Mimuster with vision and imaginative under- 
standing of the needs of the scientist, there 1s also 
testimony to the value of a Cabinet Mmuster hunself 
tramed as a scientist Such tribute has been paid m 
regard to both Sir Stafford Cripps and Lord Waverley, 
notably ın regard to the latter by Earl Attlee and 
also by Lord Winstei, who durmg the Second World 
War had been given 1esponsibility as a Cabinet Mn- 
ister foi the promotion of science and was for a time 
a member of the Cabinet’s scientific advisory com- 
mittee (out of which the Advisory Council for Scientrfic 
Pohey later developed) when Lord Waverley was 
Lord President of the Couned Lord Hailsham 
himself has stressed the authority which Lord 
Waverley could derive m scientific matters from 
bemg able to speak as a science graduate Lord 
Bridges has testified to the outstandmg quality of 
Lord Waverley’s work as Lord President of the 
Couneil, not only to his capacity for understanding 
and sound judgment, but also to the way m which 
he worked so far as possible through departmental 
staffs without buildmg up any large organization of 
his own, and also to the importance of the complete 
confidence which existed between the Lord President 
and the Prime Minister 

Lord Bridges, m hus Royal Society memoir, referred 
particularly to Lord Waverley's services to science 
both while he was Lord President during 1940-43 
and afterwards, particularly m what might be called 
the scientific admmstration of the development of 
nuclear energy It 1s too early yet to expect the 
critical biography of Lord Waverley which might 
illuminate these arrangements more fully, but ıb 1s 
unportant that they should be exammed as fully as 
possible m the hght they could throw on the kind 
of arrangements which are desirable to-day They 
suggest, for example, that any constructive thinkmg 
should include a careful appraisal of the functionmg 
of both the Advisory Council for Scientific Pohey 
and the Research Defence Policy Commuttee 

Even this cursory review indicates the critical 
importance of personal factors, and there 1s a further 
reason for lookmg closely into this aspect The late 
Su Henry Tizard, who has claims to be considered 
as a military scientific genius, was very successful m. 
his Jomt charmanship of the Advisory Council for 
Scientific Policy and the Research Defence Policy Com- 
mittee duiimg 1946-52 Nevertheless, m spite of the 
conspicuous services he had rendered even before the 
Second World War in developmg defence research 
pohey and later m encouraging the development of 
operational research, m 1942 he suddenly resigned 
from most of his official appointments to become 
president of Magdalen College, Oxford Su Henry 
was one of the easiest of colleagues, so any admunis- 
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trative structure which led to such a decision 1s 2pso 
facto suspect Incidentally, m ther Romanes and 
Haldane Memorial Lectures, respectively, both Lord 
Waverley and Sir Henry Tizard have recorded con- 
sidered opimons and constructive proposals for pro- 
vidimg the Government with more authoritative 
guidance in technical matters 

It may be hoped that Lord Birkenhead's official 
biography of Lord Cherwell wil in due course throw 
some light on these matters Su George Thomson in 
his Royal Society memoir refers briefly to the exist- 
ence of conflicts of opinon between Cherwell and 
Tizard which were well known ın the scientific world, 
but no light 1s thrown on this by Sir Roy Harrod's 
more recent personal memoir, ‘““The Prof". He does, 
however, indicate another aspect of some interest m 
considering the functions of a Minister of Science 
It 1s the personal relations between Lord Cherwell 
and Sir Winston Churchill, first as First Lord of the 
Admuralty and later as Prime Minister, rather than 
Lord Cherwell’s own subsequent position m the 
Cabmet as Paymaster-General that are of primary 
mterest Lord Cherwell was able to render his great 
contribution to the national war effort because of the 
extent to which he possessed Mr Churchill’s con- 
fidence and understanding 

What Sm Roy Harrod writes of this relationship 
will bear pondermg Where such confidence and 
understandmg can be established, from whatever 
beginning, the outcome may well be as effective for 
the promotion, of science and technology as when the 
Cabinet Minister concerned has himself been tramed 
m science It mght possibly be a waste of scarce 
and highly tramed man-power, even if it were 
possible, to provide every Cabinet Munster carrymg 
departmental responsibihties mvolving highly tech- 
nical and scientific matters or research with a scientific 
adviser of Cherwell’s quality for his personal assistant 
The results m any event would depend alike on the 
quality of that adviser's mind and on the personality 
of the Minister, as well as on the mtimacy of the 
relations between him and his adviser, but ıt should 
be clear enough that ıb 1s not sufficient for scientific 
and technical advice to be presented at one pomt 
alone The effective formulation of policy where 
science and technology are concerned will come when 
such factors are accurately assessed, not by one 
Minister only, but all the Mimisters concerned 

There could well be found here the reason why the 
smgle-handed. efforts of Lord Balfour a generation 
ago and the advocacy of such men as Lord Samuel 
have hitherto failed of full fruition For that reason 
alone the functionmg of the advisory committee 
compared with that of the personal assistant or 
adviser requires further examination Moreover, in 
Sw Roy Harrod's memom of Lord Cherwell the 
emphasis ıs on the contribution which Lord Cherwell 
and hus statistical section made to quantitative 
thmkmg about the conduct of the War, and Sir 
George Thomson’s memoir appears to confirm that 
this was the most mmportant characteristic of Lord 
Cherwell’s contribution This again suggests that 
there 1s something to be learned from the funetioning* 
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of this section and the work of the Central Statistical 
Office estabhshed m 1941 
There can be no doubt as to the immensity of the 
task which Lord Hailsham has undertaken, and the 
diversity of problems he will need to consider Now 
that he has divested himself of his party political 
responsibilities as chairman of the Conservative 
party, he appears to be as good a choice as could 
have been made His expenence as Lord President 
of the Council has already given him a close msight 
into some of the problems involved and his speeches 
have shown both that he is thmking deeply about 
the ieal issues and that he is averse to hasty and 
unilateral decisions 
If ıt should be rerterated that Lord Hailsham’s 
appointment represents no essentially new departure, 
smnilar positions having been occupied by Lord 
Balfour more than thirty years ago and by Lord 
Winster and possibly Lord Waverley in the Second 
World War, the scale and range of problems now 
eonfrontang him cannot be compared with those 
presented to any predecessor m peace-tume He will 
doubtless examine the functioning of the Advisory 
Counci] for Scientific Policy and its mterrelations 
with the Defence Research Pohey Committee, as well 
as the specrfic problems and relations of the several 
research councils and organizations for which he is 
specifically responsible There ıs the question of 
departmental research as agamst centralized research, 
for example, under the Council for Scientific and 
Industrial Research There is a whole range of 
problems presented by the mdustrial research 
associations and the stimulation of research and rts 
exploitation m mdustry There 1s the matter of the 
balance of our research effort generally and the place 
of the universities and the mdependent research 
institutions and the resources at ther disposal and 
the way m which Government pohey can best 
strengthen such resources without mfrmgmg acad- 
emic or professional autonomy There are problems 
which will lead Lord Hailsham into the educational 
field, as when he considers our resources m scientific 
and technical man-power and their expansion, ag well 
as ther most effective deployment 
Nor are all these problems sharply separated 
The support, for example, which the Department of 
Industrial and Scientific Research already gives to 
the universities, both by way of grants to individuals 
for postgiaduate study and to university depart- 
ments in support of specific research projects, already 
takes ıt withm the orbit of the University Grants 
Commuttee, and this holds m varymg degree for the 
othe: research councils also It 1s arguable that 
nowheie below the level of the Prime Munister hum- 
self can all the responsibilities involved iest m one 
man, if indeed the task ıs not too immense foi any 
person to discharge ıt alone There, of course, we 
touch the question of Cabmet responsibility, but 
without entermg on any such discussion 1t might be 
observed that the Cherwell—Churchill relation seems 
at least to support the view that a Mmuster who 
carried general responsibility for scientific (and pre- 
“sumably also technological) matters might be able to 
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give the Cabmet sufficient detailed advice tc 
clarify and facilitate decisions either im the Cabinet 
or by the Prime Minister himself Lord Hailsham 1 
obviously approaching these questions without pre- 
conceived ideas as to whether changes are required 
m our present arrangements, and 1f so, what changes 
for the better are possible, and he has at his disposa. 
much valuable evidence not merely from Lord 
Waverley, Lord Bridges and Sw Henry Tizard, but 
also from others hike Lord Hankey, Lord Ismay and 
Sr Hemy Dale Whatever the admmustrative 
structure may be, there 1s one essential condition i 
it is to function smoothly effective measures must 
be taken to elimmate or budge the gap between 
what Sir Charles Snow has described so vividly as 
the two cultures The effective use of science and 
technology for the public welfare and m the affaire 
of State will not be ensured by establishing a Mumstry 
of Science or appomtmg a special Minister It will 
be secured m the measwe, and only in that measure, 
m which Ministers and admmustratois, the Depart- 
ments of State, the publie corporations, mdustry and 
the public generally are aware of the conditions and 
nature of scientific work, understand m some degree 
what science 1s domg and are prepared to provide 
the necessary support 
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THE PRINCIPLES AND PRACTICE 
OF CROP PROTECTION 


The Scientific Principles of Crop Protection 
By Hubert Mart Fourth edition Pp vim+359 (Lon- 
don Edward Arnold (Publishers), Ltd , 1959 ) 656 net 


Advances in Pest Control Research 

Vol 2 Edited by R L Metcalfe Pp vn--426 
(New York Interscience Publishers, Inc , London 
Interscience Publishers, Ltd , 1958.) 94s 


Recognition of Diseases and Pests of Farm Crops 

By Ernst Gram, Prosper Bovien and Chr Stapel 
(Danish Agricultural Information and Advisory 
Aids Service) Pp 128+112 colour plates (Cam- 
bridge. W Heffer and Sons, Ltd, 1958) 35s not 


The Control of Pests and Diseases in Agricultural 
and Horticultural Crops 

By G L Hey and K Marshall (Agricultural and 

Horticultural Students Serres) Pp 172 (London 

Vinton and Co, Ltd, 1958) 12s 6d net 


"Ls say that, nuclear wars apart, the greatest 
problem of the future will be to feed the rapidly 
increasing human population 1s none the less true for 
bang trite Happily there 1s no need to thmk 1b 1s 
insoluble Average crop yields are so low that the 
scope for improvement 1s enormous, and starvation 
can be avoided for a long time simply by improving 
the health of crops Over much of the world most 
crops are left to fend for themselves, unaided m then 
struggle with pests and diseases What annual toll 
these predators take cannot be estimated at all 
accurately, but there 1s little doubt that human beings 
will have at least twice as much to eat when they stop 
sharing their crops with pests and diseases 

The four books hsted above differ greatly m content 
and immediate purpose, but all have the same ultimate 
aim of mereasing yields by protectmg plants against 
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their pests and diseases. They make it clear that 
many of the losses now suffered are legitimately 
deseribed as avoidable, m the sense that they could 
be avoided by applying existing knowledge more 
widely, but 16 1s also clear that much new knowledge 
will be needed before all losses come into this cate- 
gory Between them the books also show how 
complex and varied are the problems entailed in 
improving the health of crops Furst, there are the 
research problems, diagnosis of the cause, the biologi- 
cal study of the pest or pathogen to find where ıt 
comes from, how 1b spreads and whether there 1s a 
Stage in its life history at which ıb 1s especially open 
to attack, and this to be followed by tests of pesti- 
cides, of variations im cultural practices or of seem- 
ingly resistant varieties Secondly, when research has 
produced a control method, there still remains what 18 
often the more difficult task of getting 1b established 
m practice, and even. with this achieved the position 
must be closely watched to ensure thet the method 
remains effective and has no undesirable side effects. 

“The Scientific Prmeiples of Crop Protection" 18 
one of the few books that attempt to cover the whole 
subject, and a new edition was long over-due, for 
most of the msecticides currently used have been 
discovered since the third edition was published m 
1940 The title has been changed to the extent that 
‘plant protection’ has become ‘crop protection’, but 
the presentation and approach are as before The 
new edition might have been even more welcome had 
the changes been greater, for 16 15 now more difficult 
than twenty years ago to contam the subject in a 
single volume and some parts get scant attention con- 
sidering their iecent growth Whether the pats 
briefly mentioned should have been omitted in favour 
of more detail on those in which the author 1s most 
authoritative, however, 1s a moot pomt, for in these 
days of mereasingly narrow specialization it 18 
certainly refreshing to find someone willing to look 
at the subject broadly, even though the looks 1n some 
directions may be only glances 

Review journals are necessarily complements to 
standard texts They are better able to keep up with 
advances ın the subject and they provide opportuni- 
ties for specialists to present detail inappropriate m a 
general book The eight articles in volume 2 of 
“Advances in Pest Control Research" cover a wide 
range of subjects and some authors have undoubtedly 
made full use of the opportunity to be detailed Here 
the contents can only be mdicated by summarizing 
the titles and naming the authors flud kinetics of 
sprays (R P Fraser, 106 pp ), toxicity of fungicides 
(S E A McCallan and L P Miller, 28 pp ), seed and 
soil treatments with insecticides (H T Reynolds, 
48 pp ), the use of isotopes to measure spray residues 
(C T Redeman and R W Meikle, 24 pp), wool 
digestion and moth proofing (D F Waterhouse, 
56 pp ), the relation of chemical structure to herbicide 
activity (R L Wan, 44 pp ), chemical structure and 
activity of DDT analogues (R Ruemschneider, 44 
pp ), the spread of resistance to msecticides in pests 
(A W A Brown, 64 pp) It 1s to the credit of the 
authors that most have accepted the editor’s mvita- 
tion to evaluate their subjects critically and have not 
simply summarized published work 

The other two books are for the grower of crops 
rather than the research worker ‘“Recogmition of 
Diseases and Pests of Farm Crops” 1s a most welcome 
and most unusual book The text consists simply of 
captions to the 112 magnificent colour plates contam- 
ing more than 700 beautiful water-colour pamtmgs 
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by I Frederiksen and E Olsen The sole purpose 
18 to aid diagnosis, which the book will do permanently 
and everywhere, and methods for controling the 
pests and diseases so accurately portrayed are 
deliberately omitted beeause they often change and 
may differ m different countries The book by G. L 
Hey and K Marshall complements the work of art 
from Denmark and contrasts strikingly with ıt It 1s 
most valuable for its sucemet recommendations 
for controlling specific pests and diseases, 18 least 
satisfactory for diagnosis, and its pictures are neither 
beautiful nor very helpful With both books, the 
farmer or gardener 1s well equipped to avoid much loss, 
and ıt 18 no mean testimonial to the achievements of 
plant pathologists that growers now have reliable 
methods to control so many pests and diseases 
F C BaAWDEN 


FREE RADICALS 


Free Radicals as Studied by Electron Spin Resonance 
By Dr D J E Ingram Pp 1x+274 (London 
Butterworths Scientific Publications, New York 
Academic Press, Inc , 1958) 50s , 950 dollas 


Free Radicals 

An Introduction By A F. Trotman-Dickenson 
(Methuen's Monographs on Chemical Subjects ) Pp 
vni--142 (London Methuen and Co, Ltd , New 
York John Wiley and Sons, Inc , 1959 ) 12s 6d net 


OST free atoms are associated with one o) moie 
unpaired electrons, and the formation of com- 

pounds generally mvolves the complete pairing of 
such electrons m molecular orbitals Nevertheless, 
many molecules, of widely varymg degrees of struc- 
tural complexity, have a single unpaned election 
These bodies, known as monoradicals, comprise the 
most important group of free radicals, and it 1s 
with them that the greater part of both of these books 
18 concerned 

The unpaired election confers two mnportant 
properties on the monoradical In the first place the 
electron spin is associated with a magnetic moment, 
which may align 1tself m one of two ways with respect 
to an applied magnetic field Transitions between 
the energy-levels corresponding with these two align- 
ments can be made to fall conveniently m the micro- 
‘wave region, giving the phenomenon lmown as 
electron spm resonance The transition will be 
associated with hyperfine structure resulüng from 
the mteraction of the electron spin with the various 
nuclear spms, if any, in the radical ‘This hyperfine 
structure may then be used to ‘locate’ the electron 
withm the molecule, and hence to obtam mformation 
about the orbital, and about the structure of the 
molecule In the second place, the presence of an 
unpaired spin withm a molecule makes ıb more 
reactive, and free radicals often play 1mportant parts 
m chemical reactions, since their reactions can pro- 
vide convenient paths by which the final products 
may be produced most easily Dr Ingram’s book 
is concerned with the first of these aspects of free 
radical hehaviom, and Dr Trotman-Dickenson’s 
with the second, m particular with the elementary 
reactions of free radicals, while avoiding chain reac- 
tions and oxidation processes 

The overlap between the books is very small, and 
ibis a pity that they have effectively the same title, 
differmg only m subtitle In both cases the contents 
are excellent, and may be recommended to all workers 
m the field of free radicals 
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Dr Ingram’s work falls into two main sections, 
the first bemg concerned with the techniques of 
electron resonance, and with those parts of the theoret- 
ical background necessary for the interpretation of 
the spectra of free radicals The 'expermmental' part 
will be a most valuable guide to those contemplating 
work in this field, to many of whom mucrowave 
methods will be unfamuhar The various types of 
spectrometer are clearly explained, and their relative 
merits discussed the appendix, dealing with sources 
of equipment, 1s à worthwhile addition A pleasmg 
account of the sources of hyperfine structure follows 
The rest of the book is a sectionalized review, with 
useful explanations, of work up to the present There 
are chapters on stable free radicals (mostly fairly 
elaborate organic molecules or :ons), on ‘trapped’ 
radicals produced by irradiation of solids or materials 
1n glasses, and on the radicals formed in the course 
of polymerization and of pyrolysis (of solids) All 
are interesting, and suggest future applications Dr 
Ingram’s field defines itself well without the rather 
odd definition of a free radical which he gives (p 2), 
im which reference is made to ‘normal chemical 
bonding’, all free radicals are held together by 
normal chemical bonding 

The book by Trotman-Dickenson 1s, m effect, an 
extended and intelligently written review covering a 
field of chemistry with a much longer history It 1s 
of great value ın so far as ıt ignores the artificial 
boundaries which appear to have arisen in chomistry, 
and because of rts systematized account and assess- 
ment of a very large amount of material It 1s not 
the author's fault if the available matter for some of 
the sections 1s mconclusive The book will prove 
useful to those connected m any way with this 
amorphous field 

Both books attempt short treatments of ‘biradicals’, 
from very different points of view This topic holds 
much for the future T M SUGDEN 


THE IMPORTANCE OF NEW 
DETECTORS 


Cerenkov Radiation and Its Applications 
By Dr J V Jelley Pp.x+304. (London and New 
York Pergamon Press, 1958) 65s net 


T 1s seldom that the first book to appear on any 

topic is so thorough as this work by Dr Jelley. 
The treatment of the largely new subject of Cerenkov 
radiation 1s very complete in 1ts scope and the many 
workers m the field, whether they are engaged m 
fundamental studies of this form of radiation or in 
some relatively straightforward application of a tool 
based on the phenomenon, owe a debt of gratitude 
to the author for this comprehensive study Those 
who heard the evening discourse by Academician 
Tamm at Geneva in 1958 were given a clear picture 
of the rather intriguing history of the subject and the 
relatively sudden mtroduction of practical detectors, 
based on the Cerenkov effect, seemed the more sur- 
prising 

Jelley has gleaned his material from many rather 
scattered sources and presented ıt here m a well. 
integrated form The rather extensive theory ıs well 
supported by his clear expositions of the experimental 
work 1n the field and m this he shows the skill of one 
who has personally made considerable contributions 
0 the subject The author makes 1t obvious that 
the subject 1s likely to produce more surprises m the 
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future and those mterested will find much to stunulate 
their thought m this volume Many fruitful researches 
can be expected m this field and Jelley himself 
indicates some of these Modern physics perhaps 
owes its rapid progress more to the mtroduction of 
novel detectors than to any other successes. We 
need but mention the Geiger and proportional 
counters, the Wilson cloud-chamber, the nuclear 
emulsion-plate, the semtillation counter, the Gerenkov 
detector and the bubble chamber to realize the 
fundamental nature of the contribution that stems 
from the study and perfection of these devices 
Moreover, their value extends to many fields beyond 
that of pure physics 

The volume can be very highly commended as a 
most readable, careful and thoroughly up-to-date 
account of the subject 


THE VERY COLD WORLD 


Experimental Techniques in Low-Temperature 
Physics 

By Guy Kendall White (Monographs on the Physics 

and Chemistry of Materials) Pp vim+328 (Oxford - 

Clarendon Press, London Oxford University 

Press, 1959) 45s net 


BOUT a quarter of a century ago, all low- 
temperature physicists (and there were not 

many of them) knew each other, and picked each 
others’ brains fairly regularly, so that the dissemina- 
tion of cryogene techniques was rapid and satisfac- 
tory To-day, however, when every well-equipped 
physics laboratory has or should have its eryogeme 
facility, the older method of communication 1s no 
longer adequate Many physicists all over the 
world now want to be able to handle cryogenic liquids 
safely and efficiently , hence the timely appearance 
of this useful book on eryogenies, the first for nearly 
twenty years and the first in the Enghsh language 

A wholly satisfactory book on techniques 18 a 
difficult thmg to achieve, probably because a tech- 
nique 1s part of a craft and the communication of a 
craft is not easily done by the printed word In 
spite of this difficulty, here 1s a book which will be 
of very great assistance to new hands at the low- 
temperature game, and of not considerable value to 
the old hands as well An especially good feature is 
the ‘feel’ ıb gives for cryogenic physics, which will 
be appreciated by its practitioners 

There are faults, of course The book strays too 
frequently mto theory No one is seriously gomg 
to read this book to find out how electron spms align 
themselves m an external magnetic field, or to study 
the formal derivation of the absolute thermodynamic 
scale of temperatures But there are excellent 
chapters on heat exchangers and their calculation, on 
mechanical thermal contact, and on thermometry 
The important methods of cryostat temperature 
control are well described, although ıt would have 
been valuable to have included some of the electronic 
circuit diagrams with magnitudes of quantities to 
give any desired sensitivity of control 

The chapter on vacuum techniques, soldermg and 
sealing 1s good so far as 1t goes, but there 1s no mention 
of how to make a soft soldered jomt that (a) will be 
mechanically strong, (b) will never leak, and (c) can 
be non.destruectively unsoldered Further, there 1s 
no mention of leak-huntmg, that grimmest of pursuits, 
or of real or virtual leaks, or mdeed of whether or 
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not the author personally beheves m such thmgs 
as low-temperature leaks The diagrams of actual 
apparatus are often too schematic to be of great use , 
for example, the transfer tube and valve on pages 
53 and 55, of the design of both of which I dis- 
approve There is a mention of the use of spon- 
taneous oscillations as a means of hqud level 
indication, but no description of this odd phenomenon 
nor any warning of its often annoying and occasion- 
ally horrifymg effects 

All of those are, however, mmor erticisms The 
book contains a mass of useful cryogenic information 
Generally ıt gives highly commendable ertical 
comparisons of various experimental methods, such 
as those used m calormetry, and for the first tıme 
collects really valuable critical data on emusswities 
and on total thermal conduction and expansion 
coefficients between room temperature and 1° K 

J F ALLEN 
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A BIOCHEMIST'S GUIDE TO THE 
NERVOUS SYSTEM 


Biochemistry and the Central Nervous System 

By Prof Henry Moellwam Second edition Pp 
vu+288 (London J and A Churchill, Ltd, 
1959) 45s 


T 1s a considerable achievement for Prof MeIlwam 

to have produced a second edition of his book 
(already translated into Spamsh and Japanese) m 
such a relatively short tune The need for a new 
edition 1s some indication of the 1apid 1nerease m our 
knowledge of the biochemistay of the nervous system 
to which the author and his colleagues at the Maudsley 
Hospital have made valuable contributions 

The layout of this book follows the previous pattern 
though there have been extensive revisions and 
additions There ıs, for example, a new chapter, 
which is very much to the pomt, on the relation of 
the bram to the body as a whole, and the section on 
bram lipids has been considerably modified m the 
hght of recent observations Knowledge of the meta- 
bolism and functions of protems m the bram is still 
somewhat lmuted, but until Table 6, on the chemical 
nature and diversity of bram protems. can be extended 
1b 1s hkely that progress on this particular aspect will 
be slow I was agam impressed by details given 
about the rates of chemical reactions m bram and 
ther relation to the speed of cerebral processes, 
information which is becoming more valuable as it 
becomes more extensive 

Much useful information 1s summarized 1n diagrams 
and tables (Fig 34 and Table 28 are mstances of this) 
It is perhaps significant that one of the column 
headings in Tables 8 and 9 has been changed from 
“acid-labile phosphate of adenosine triphosphate” to 
“acid-labile phosphate of purme nucleotides” m the 
second edition, thus mdicating that the free nucleotide 
content of cerebral tissues 1s more complex than had 
previously been indicated 

The chapter on chemical factors mn nervous trans- 
mission ıs an extremely able résumé of a mass of 
mformation, and some indication of the speed at which 
this subject 1s developmg can be deduced from the 
fact that references to the possible role of y-ammo- 
butyric acid as a pharmacologically active agent are 
all dated 1955 or later Biochemical aspects of the 
action of depressants and excitants receive their due, 
and m view of the current multiplication of drugs this 
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summary 1s of some considerable value Perhaps the 
one surprismg omission m the book is an appraisal 
of the extensive work of Geiger and his colleagues on 
the metabolism of the isolated, perfused brain «n sutu 

Elsewhere the author of this volume has remarked, 
“Until the central problems of neurochemistry have 
been successfully tackled and we see more clearly how 
the nervous system utilizes its large energy supply ım 
nervous transmission and m mamtamung the system 
in a state of readiness to 1eact, and how the bran. 15 
moulded to an animal’s experience, chemical aspects 
of most of the neurological sciences—and above all, 
material approaches to ner vous, mental and emotional 
diseases—remain as empirical as was organie chemus- 
tiy before the advent of structural formule" If 
this book promotes further studies on this mtriguing 
but complex subject then we shall all have been well 
served Indeed, it can be recommended to anyone 
who wishes to learn something of the biochemical pro- 
cesses underlying nervous activity and the relevance 
of these processes to a study of mental diseases A 
comprehensive bibhography at the end of each chap- 
ter and, for a book of ıts size, a monumental index, 
make ıt an extremely useful handbook in a field where 
suitable handmaidens are hard to come by 


GQ B ANSELL 


FAUNA OF NETHERLANDS 
NEW GUINEA 


The Animal World of Netherlands New Guinea 
By Dr L D Brongersma Pp 71 (Gronmgen 
J B Wolters, 1958) np 


HE island of New Guinea remains httle known 

to the majority even to-day, and its fauna has 
received litle attention through television or m 
popular published work It 1s one of the remaimng 
major areas in which new zoological discoveries are 
likely to be made and 1s a region as yet httle touched 
by commercial development Its animals, despite 
their affinities with Australia, are unique and much 
work remams to be done before they are fully sur- 
veyed Geographically, the island and its outliers 
form the most western extension of the Sahul shelf, 
and the study of the fauna 1s vital to the zoogeography 
of Australasia For these reasons the publication of 
a semi-popular account of the fauna of New Guinea 
iS bozh timely and welcome Dr L D Brongersma 
has produced an interesting and factual book, based 
on his radio talks on the subject Written for the 
layman, the book 1s concerned with the novel and 
unusual, but also contams much of mterest to the 
specialist Notable peculiarities among mammals, 
birds reptiles, amphibians, fish and crustaceans are 
deser:bed, with notes on ther habits, ecology, econo- 
mie value and sometimes history The text is 
enlivened by field observations, hne drawings and 
photographs The author stresses the need for nature 
conservation in New Gumea, with emphasis on the 
dangers of uncontrolled commercial development 
and ill-considered introduction <A short chapter and 
a map of the Sunda and Sahul shelves give a back- 
ground to the origin of the fauna, and the book 
concludes with a useful account of the zoological 
exploration of New Guinea The author, whose mm 
was to encourage interest in the fauna of New Guinea 
and its conservation, has written a thoroughly read- 
able account of the novelties and notable animals af 
the island J E Hirn 
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Mineralogy and Geology of Radioactive Raw 
Materials 

By Piof E Wm Hemrieh Pp xiv+654 (London 

McGraw-Hill Publshmg Company, Ltd, 1958 ) 

112s 6d 


E recent years more geologists have been engaged 
m explorations for radioactive ores than m any 
other hard-rock phase of the mmeral industry, and 
since the lifting of security restrictions many thous- 
ands of research papers on radiogeology have seen 
the hght of day Prof Hemrich has set himself the 
task of evaluatmg and summarizing this vast 
literature, and the result of his labours 1s the most 
outstanding monograph on uranium and thorium 
mineralization that has yet appeared in any language 
The work begms with approximately 150 pages on 
systematic mineralogy, continues for 400 pages with 
a lueid and descriptive classification of the world's 
radioactive ore deposits, and ends with 100 pages of 
bibliography (1,000 1tems) and comprehensive indexes 
. Not all his views are uncontroversial for example, 
the designation of the Witwatersrand and Blind 
River ore-fields as respectively mesothermal and 
hypothermal epigenetic mmeralzations will find 
little acceptance in the placerist schools of South 
Africa and Germany But all geologists concerned 
with the radioactive elements, academic workers and 
prospectors alike, will find mterest and inspiration m 
these pages Nearly all the 200 text-figures are new 
to text-book hterature Some munor errors in place- 
names, in the failure to recognize synonymous 
localities (for example, Kasolo and Shmkolobwe) and 
m the consistent mus-spelhng of the mineral names 
thucholite and parsonsite should be corrected in the 
second edition, which will doubtless be required 
as soon as the present glut of uranium is taken up 
by industry and geologists are once again called on 

to find new ore fields C F Davipson 


Substitution at Elements other than Carbon 
By € K Ingold (The Fifth Weizmann Memorial 
Lecture Senes, May 1958) Pp vin+52 (Jerusalem 
The Weizmann Science Press of Israel, 1959 — Distri- 
buted by the Weizmann Institute of Science, 
Rehovot) np 
HIS httle book 1s a record of four lectures and 1s 
divided mto two chapters The first of these 

discusses substitution im some co-ordination com- 
pounds, prmeipally derivatives of cobalt (TIT) 
Attention 1s directed to the stereochemical course of 
substitution by the unimolecular and bimolecular 
mechanisms, and to the particular problems associated. 
with group replacements in molecules of octahedral 
symmetry An appendix 1s also provided to support 
further the theory of a direct Sy2 mechanism 

The second chapter 1s concerned with nitration and 
nirosation at nitrogen and oxygen atoms There is 
much more evidence available m this field and the 
author has surveyed it lucidly and sucemetly The 
various reagents and mechanistic ambiguities are well 
set out and some ingenious experiments which exclude 
many of these alternatives are carefully detailed 

The work is clearly printed and the diagrams are 
well produced There is no index, but a generous 
bibliography at the end of each chapter which 1s of 
greater value in a book of this length The only error 
I noticed is the omission of the munus sign from 
NO, m the last relevant equation on page 32 
s Tins book 18 valuable both as a summary of the 
present position m this rather neglected study and 
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for the outhning “of a mechanistic pattern", to 
quote the author's own words In hus preface Sn 
Christopher suggests that prospects are extensive, 
and I feel that the analysis given in this work 
signposts the way well mto a largely uncharted 
region R I Reep 
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Contact Catalysis 
By Dr R H GuffüthandJ D F Marsh Pp x+300 
(London Oxford University Press, 1957) 50s net 


N these days of many-volume treatises on catalysis, 
I the smaller book also has 15s place , and the pub- 
lation of a third edition of Dr Griffiths well-known 
text-book on contact catalysis, now written with the 
collaboration of J D F Marsh, 1s both timely and 
welcome It continues to give a condensed and well- 
planned survey of many of the more important 
classes of reactions involved m heterogeneous 
catalysis, together with an adequate treatment of 
the underlying theory 

In order to accommodate, m a condensed form, 
the large amount of additional material which has 
resulted from the mtense study which this subject 18 
recerving, three new chapters have been added 
These deal, respectively, with modern piactice in 
the preparation and empirical evaluation of stable 
catalysts having a high specific surface, with the part 
played by electronic factors in determmung the 
catalytic activity of metals, and with a number of 
reactions mvolvmg hydrocarbons There bas also 
been considerable rearrangement of the older sections 
of the book, and much of the descriptive matter on 
the promotion of catalysts by small amounts of sub- 
sidiaiy components and on the poisoning of catalysts 
has been revised and brought up to date This apples 
also to the chapter on the part played by geometrical 
factors, and especially by interatomue distances, m 
accommodating without undue strain the reactive 
portions of catalysable substrates The volume ends 
with a critical survey of modern progress m catalysis, 
with some forecasting of possible future develop- 
ments Ths book continues to form an excellent 
summary of modern trends m catalysis 

E B MaxrED 


Practical Animal Ecology 
By W H Dowdeswell Pp 316+16 plates (London 
Methuen and Co, Ltd, 1959) 32s 6d net 


N many British schools and universities lip-service 
18 paid to the 1mportanoe of field studies 1n zoology, 
whereas the actual practical effort 1s often limited to 
a few days at a field study centre or attendance at a 
smgle Easter-course m marine biology 

Here, almost for the first time, 13 a book which will 
ieally assist teachers and lecturers to mtroduce thew 
students to modern animal ecology The book lives 
up to its title A wide range of methods and tech- 
niques 18 described which are applicable to the study 
of terrestrial, freshwater, marme and brackish water 
habitats In some cases guidance 1s given on the 
construction of what would otherwise be expensive 
pieces of apparatus To get the best out of this book, 
the student should be given considerable help by 
his teacher So much is packed into it that many 
students let loose with ıt will suffer ecological 
indigestion. 

On modern standards the price 1s reasonable, 
fo. m my opmion this book should have a majo 
effect on the teaching of anımal ecology in schools 

J B Oraga 
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THE FIRST MINISTER FOR SCIENCE 


By the Richt Hon VISCOUNT HAILSHAM, QC, LORD PRIVY SEAL 
AND MINISTER FOR SCIENCE 


HE proposal for a Minister for Science was first 
talked about when the Conservative Manifesto 
was being prepared I was myself at first very 
sceptical It seemed to me that there were two very 
great pitfalls to be avoided On one hand there was 
the danger that the scientific world—the Royal 
Society, the universities, the mdustrial scientists, the 
Atomic Energy Authority and the Research Councils 
—the Department of Scientific and Industral 
Research, Medical Research Council and Agricultural 
Research Council, Overseas Research Council and 
Nature Conservancy (the governmg boards of which 
are very largely manned by volunteers)—would think 
that too much was intended, and that the new 
Minister would interfere with the mdependence and 
integrity of the scientist m his own sphere If that 
danger were not avoided, I feel that I should lose the 
confidence of those on whom all else depends and 
whose co-operation I must win if I am to succeed at 
all I hope and beheve my appointment has allayed 
these fears After all I am the same man who has 
been Lord President of the Council for the past two 
years My general attitude to science and scientists 
has been made plain to those who were interested, and 
I beheve has won confidence No change m that 
genera] attitude 1s involved in the new appomtment 
I have no authority over the universities to compel 
them to do anythmg they do not wish to do My 
authority over the Atome Energy Authority and the 
Research Councils 1s no greater than my predecessors 
and I had before, and I have no intention of taking 
away from them the authority which Parliament has 
given to them, or the freedom which they now enjoy 
to perform their functions without detailed mter- 
ference I am there to give them general guidance 
and to help them m ther relations with Government, 
especially other Government departments 
But an equal and opposite danger 1s to be expected 
at this pomt I can almost hear the cynical comment 
“New Presbyter 1s but Old Priest writ large. The 
Manifesto promise, the new Minister, 18 just a piece of 
political window dressing Nothmg more is to be 
expected and everythmg will go on exactly as ıt was 
before" I hope and beheve this 1s a mistake, and I 
would not have accepted the appomtment had I 
believed otherwise 
All the same, I would hke to make 1t plam at the 
outset that this ıs a long-range project You must not 
expect clutches of satellites to be flung into orbit m 
a muraculously short space of time Sponsors of 
ingenious inventions will be disappomted The 
Munister 1s not a repository of brilliant new thoughts 
which have failed to appeal to anyone else He is 
not an overlord to the Minister of Education and will 
not therefore be able to create vast new academies of 
science and technology He is not "Master of the 
Queen's Rockets” and wil not therefore play a 
decisive part ın the polities of guided missiles He 1s 
not a super Minister of Power nor a Minister of 
Transport, Agriculture or Health Indeed, I must 


emphasize that unless all the other Ministers ın the 
Government—I think without exception—aie at 
least as scientifically minded. as I ought to be myself, 
my work will be frustrated—and until they are my 
work will be mcomplete I do not thmk ıt 1s neces- 
sarily a disadvantage that I am not a professional 
scientist The First Lord of the Admuralty 1s not a 
naval officer, the Munster of Transport would not 
necessarily be better for bemg a isilway man In 
the mam, paihamentary government is government 
by amateurs advised by experts The one exception 
is the Lord Chancellor, and he has a technical legal 
job todo In my own ease I believe that the appoint- 
ment of a non-scientist as the first Minister will 
compel scientists to do the most urgent thing, that 
i8, to share m the thought about scientific pohey 
themselves 

For, whether or not there 1s need for a Minister or a 
Ministry, two years experience as Lord President has 
convinced me that there 1s need for a policy for science 
and that pohey cannot be the product of Government 
thinking alone 

In deseribmg my task I will start by one or two 
general propositions Science in Gieat Brrtam 
inereasmgly touches life at every pomt It is thus 
necessarily a partnership—and, smece Britam is a 
democracy, 1b 1s necessarily a paitnership im which 
everyone is mvited to play a part But the mdis- 
pensable partners aro industry, agriculture, medicine, 
teachmg, the universities and Government-—and, 
of course, both the screntists and the non-scientists 
who play ther part m the admumstration of the 
various branches of public and economie life In all 
these spheres my task is to promote science But 
only ın part of one of these spheres of actrvity—that 
of Government—have I the powa: to achieve thus by 
the use of authority as distinct from encouragement, 
diplomacy, enthusiasm, example, precept or advice 

Secondly, after two years as Lord President of the 
Council, I would say that, 1f only because of the very 
multipleity of scientific disciplines, Government 
science, and perhaps all British science, 1s at the 
moment too parochially minded, too departmental- 
ized and lacking m the broader vision The Research 
Councils and the Atomic Energy Authority are by 
their very terms of reference Iumited in their spheres 

However, a Mimster for Science is bound to look 
for a more géneralized philosophy and approach if he 
18 to succeed In some ways the focus of scientific 
opmion in Gieat Britain js the Royal Society Long 
may ıt flourish But for the purpose of advising the 
Government on scientific policy, the proper channel 
already exists ın the form of the Advisory Couneil on 
Scientific Pohey I beheve that this body provides 
one of the keys to the present situation, composed 
as 1b 18 of a unique connexion of Government and 
non-Government scientists under an mdependent 
charman with a vice-charrman who happens also 
to be the chairman of the Defence Research Pokey 
Committee I shall endeavour to rely more than 
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ever upon this Advisory Council for generalized 
advice on questions of scientifie pohey My purpose 
is to make the voice of science coherent and articulate 
under Government encouragement, and in one real 
sense to make science self-governing under Govern- 
ment mspiration For this purpose a greater use of 
the Advisory Council on Scientafic Policy 1s inevitable 
I had already begun to move in this direction m the 
last Parhament  l hope to go further now, and I 
feel I am gomg to be helped by the more flexible and 
numerous offiee staff (which supplies the secretariat 
of the Advisory Couneil) with which I shall be 
equipped as the result of the marriage between the 
Atomic Energy Office and the Lord President's Office 
Thus assisted I shall try to tackle such questions as 
whether the general balance of scientific effort 1s 
right or could be better deployed, and other questions 
of a general nature as they emerge Already in the 
last Parliament I had pressed forward an mquiry 
under the late Sir Claude Gibb (now chaired by Sn 
Solly Zuckerman) on techniques of management and 
control of Government financed research and develop- 
ment, and I look forward to a report from them, with 
positive suggestions, when they have completed ther 
heavy task 

One of the matters I referred to the Advisory 
Council on Scientific Policy m the last Parhament 
was the question of space research, and i6 was as a 
result of its advice that the Steering Group under 
Sir Edward Bullard was set up and the group of 
scientists under Prof H S W Massey paid ther 
recent and successful visit to the United States I 
am not sure that either the philosophy or scope of our 
policy on space research os yet fully understood, and 
I would welcome the opportunity of expounding rt 
more fully should questions be directed to me 

I also have great hopes of the Overseas Research 
Couneil which I set up at the end of the last Parha- 
ment under the chairmanship of Dr R S Artken 
The object of this body 15 to act as a sort of clearing- 
house for our research effort overseas both separately 
and ın co-operation with other countries 

I also hope to show a personal mterest 1n the applied 
research which is very widely carried out by private 
industry and m mdustrial research associations under 
the general authority of the Department of Scientific 
and Industrial Research But execution of all 
this work will contmue to rest with the bodies 
entrusted by Parhament with those functions 

In many ways the clue to the picture of science m 
Britam hes with the wniversriies—especially with 
those which have great potentialities for growth 
and indeed an increase in numbers To explore this 
in any detail would be outside my present purpose 
and mdeed outside my function as the Munister for 
Science I have no authority over the universities 
nor over the University Grants Commuttee, and I 
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have no ambitions to obtain such authority But I 
shall try to forge friendly hnks with both, both 
personally through mdrvidual contacts, and by dis- 
cussions between officials In particular, I have 
ideas for the forging of closer Inks between the 
Government research stations and institutes, and the 
universities, from which I believe both the Govern. 
ment stations- (and the scientists who work there) 
and the universities would stand to gam m prestige 
and in effectiveness E 

I also believe that the time has come for the purse 
strings of private munifieence by industries and 
industrialists to be opened agam for the benefit 
of universities and colleges and I will do all m my 
power to produce interest m this My object here 1s 
not to lmit the amount of Government help, but to 
widen the front of public interest, and increase 
academic mdependence and flexibility It would be 
ungenerous and at this time insensitive not to pomt 
in this connexion to the gifts rightly described as 
princely—inecluding one particularly welcome from 
the Transport and General Workers’ Union, to 
Churchill College and to the project for St Catherine's 
reconstitution at Oxford But, greatly daring, may 
I say that I do not see why gifts from individuals 
and institutions should be concentrated on Oxford 
and Cambridge or even London ? The greatest scope 
for enlargement and improvement surely hes else- 
where, as other generous and far-sighted benefactors 
have recognized 

The teachmg of science and mathematics m the 
schools 1s again not a matter for me but for the 
teaching profession, and my contact with that 
profession must be through the Minister of Education , 
but I hope to keep a close liaison with the Munister 
in this and other matters, and I shall also try to seek 
guidance from the representatives of independent 
schools 

It is clear, I think, that in a single term of office 
only the foundation can be laid of a genumely scientific 
approach to the problems of the present day I hope 
that my ambitions in this direction will not be despised. 
as madequate because they are realistic and long- 
term My hope will be to engender m all a genume 
enthusiasm for science, and respect for scientific 
work and scientists, not merely for them practical 
achievements, but also for the cultural values they 
represent If I win them confidence, and also make 
clear to the public and to my colleagues the nature of 
their needs and their outlook, I will not have failed 
Above all, I would like to say that I brmg to this new 
and creative work all the enthusiasm and desire to 
serve of which I am capable, and a real dete:mmation 
to see that British science continues to be an instru- 
ment of peaceful progress and a means of enhancing 
British prestige m the world and British prosperity 
and culture 


ROCKET PROPULSION 


T the meeting of the British Association m York, 

one of the sessions in Section B (Chemistry), on 
September 8, was devoted to a senes of papers and 
discussions about various aspects of rocket propulsion 
The subject was introduced by Dr W B Lattler, 
dipeetor-general of Scientific Research (Munitions), 
Ministry of Supply, who outhned the history of 


rocket development He referred to the early use 
of gunpowder for rocket propulsion and the mto- 
duction m the Second World War of a variety 
of rocket weapons made possible by the develop- 
ment of new solid and hquid propellants The 
German V2 rocket, with a range of 200 miles and 
a payload of 1 ton, was the outstanding technical 
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triumph of its day Since the War, vast sums 
of money have been spent, particularly by the 
Americans and Russians, on all forms of mussile 
research and development The all-up weight of 
some rockets has surpassed the 100-ton level, and a 
range of 5,000-6,000 miles is claimed for some 
ballistic missiles In relation to the resources and 
man-power employed, some impressive successes have 
been achieved m the United Kingdom, and important 
developments have been pioneered with solid and 
liquid propellants and with the motors associated 
with them 

The mdex of propellant performance most fre- 
quently quoted ıs the ‘specific impulse' The solid 
and liquid propellants now m common use have a 
specific umpulse m the range 180-250, compared with 
the figure of only 60 for gunpowder Substantial 
increases m specific umpulse are possible by the use 
of uncommon fuels and oxidants (for example, 
hydrogen and fluorme) but most military applications 
can be met by the use of conventional propellants, 
and these are adequate for putting artificial satellites 
into orbit The most spectacular advances m recent 
years have arisen fiom three developments (1) the 
substantial inereases in the size of the rockets and 
the weight of propellant carried , (2) the perfection 
of the multi-stage rocket, whereby motors are dis- 
carded successively im flight, after all the propellant 
has been burnt, thus elimmatmg dead weight as 
quickly as possible, (3) the development of very 
large sohd-propellant motors contaming up to ten o1 
more tons of propellant 

Unlike hquid-propellant motors, the thrust of sohd- 
propellant motors cannot yet be contiolled m flight, 
but they are basically simpler for many applications 
and can be more easily mamtamed in a state of 
ieadmess As a result, ther use has greatly extended 
in recent years, but there 1s a future role for both 
types of propellant For controlled flight in outer 
space, much higher performances, not attamable with 
chemical systems, are required 

The first paper, “Thermodynamic Aspects of the 
Choice of Rocket Propellants", by Mr G K Adams, 
of the Explosives Research and Development Estab- 
lishment, Waltham Abbey, discussed the relation 
between the thermodynamics of propellant mgredi- 
ents and combustion products and the performance 
of rocket propulsion systems Applymg the prinerple 
of conservation of momentum to a rocket in a force- 
fiee field, 15 can be shown that the velocity 1nerement 
visgivenby v = V In(M,/M,), where V 1s exhaust 
velocity of the combustion products, M, is mutual 
mass of rocket, and M, is mass of rocket after all the 
propellant has burnt ‘The exhaust velocity 1s used as 
an mdex of propellant performance It is generally 
quoted in the form of the ‘specific impulse’, which 1s 
the quotient of the exhaust velocity and the force- 
to-mass conversion factor, and has the dimensions of 
time 

By applying the principle of conservation of energy, 
the square of the exhaust velocity can be shown to 
be proportional to the decrease in total enthalpy per 
unib mass on burning the propellant under rocket 
conditions It depends, therefore, on the initial 
chemical energy of the propellant and on the efficiency 
with which this 1s converted into translational energy 
im the exhaust jet 

The demand for high chemical energy per unit mass 
suggests the choice of elements of low atomic weight , 
suitable oxidation-reduction reactions between these 
have energies m the range of 2-4 kcal /gm The 
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energies of reactions between fiee atoms or radicals 
are much greater, but owmg to therr high reactivity 
even at extremely low temperatures, there appears 
to be httle hope of utihzmg them m propulsion 
Systems Other factors in addition to those of energy 
must also be taken mto account Thus a propellant 
must have adequate chemical stability, its physical 
properties must be suitable foi the particular apph- 
cation, and the materials used m the construction, of 
the combustion chamber must be able to stand up to 
the temperatures attamed In practice, such factors 
tend to hmt the range of useful chemical energies 
still further, and m these circumstances particular 
attention must be paid to achieving the most efficient 
conversion of chemical energy into translational 
energy of the rocket 

The efficiency of the expansion process 1s governed 
by a number of considerations A low total heat 
capacity per unit volume of gaseous products 1s 
beneficial, this leads to a requmement that the 
gaseous products shall contain the mmimum number 
of constituent atoms (for example, HF rather than 
H,O), lower efficiencies 1esulb if solid products are 
formed Energy released by shifts m chemical equi- 
libria durmg expansion can be used less efficiently 
than that released in the chamber Energy 1s lost 
through the non-attamment of velocity and thermal 
equilibria, in systems giving solid products Chemical 
energy alone, therefore, is not an adequate criterion 
for the choice of propellant systems A change which 
inereases the officiency is often more useful than a 
mere increase in chemical energy Additional factors 
which have to be taken mto account are eost and 
availabihty 

Mr J E P Dunnng, director of the Rocket Pro- 
pulsion Establishment, Westcott, then spoke about 
“The Application of Liquid Propellants to Rockets” 
He referred to some of the more important ballistic 
equations and described the physical processes m- 
volved m a rocket engme usmg a liquid fuel (for 
example, kerosme) and a liquid oxidant (for example, 
oxygen) <A steady pressure ıs mamtamed in the 
combustion chamber by feeding in the liquids at the 
same mass flow-rates as the gases are ejected from 
the nozzle The propellants are pumped into the 
head of the combustion chamber through a multi- 
pheity of orifices designed to establish as quickly as 
possible a uniform mixture of fuel and oxidant Both 
liquids must be vaporized and this 1s brought about 
by atomization, mutiated by the actual process of 
myection and accelerated by the combustion of pre- 
ceding droplets Once established, the combustion 
process is self-supportmg but has, however, many 
tendencies to instability Satisfactory geometry of 
the chamber and injection head 1s essential to reduce 
these irregularities to a mmimum, but the nature 
of the problem 1s such that the empirical approach 
still has to be largely relied upon 

In the case of a hquid oxygen/keiosme motor 
developmg 100,000 Ib thrust, 1b 1s necessary to feed 
liquid into the chamber at a rate of about 400 Ib [sec , 
of which 280 Ib [seo will be liquid oxygen and 
120 Ib [sec will be kerosme The injection head may 
have as many as 2,400 orifices each 0 1 m im dia- 
meter, from which the lquids emerge at about 
100 ft /sec Within an axial distance of about 1 ft, 
and a time of 2-3 mulhsec, the physical processes 
of atomization, Vaporizstion and chemical reaction 
have to take place "In the combustion chamber the 
temperature attams 3,300° K and the pressuse 
500 lb hn 3, and the gases emerge at a velocity of 
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around 8,000 ft /sec The temperatures attamed aie 
such that the walls of the chamber and the nozzle 
have to be cooled, and either fuel or the oxidant 1s 
used for this purpose To feed the liquids into the 
wyector head two turbo-pumps are used, since the 
alternative system of pressurizing the tanks is ruled 
out by considerations of weight Tho pumping power 
required ıs large, but ıs achieved with a propellant 
consumption of 1ather less than 2 per cent of that 
used m the combustion chamber 

In selecting possible fuel/oxidant combmations, 
peiformance merits may be over-ridden by criteria 
such as toxicity, availabilty and cost A limit on 
overall performance may thus be unposed, but this 
can be countered by mereasing the mass ratio (mass 
at launch/mass at ‘all-burnt’), although with a single- 
stage rocket ıb ıs not practicable 70 exceed a ratio 
of about 14 to 1 Enhanced performance can then 
only be achieved by the use of multi-stage propulsion 
Systems 

Dr G H S Young, of the Explosives Research 
and Development Establishment, Waltham Abbey, 
then dealt with British solid propellants for rockets 
He pointed out that all solid propellants are explosives 
and, under appropriate conditions, can be detonated 
These conditions must be avoided durmg manufacture 
and use, and this consideration frequently limits 
what can be achieved practically 

The two mam solid propellants m use m Britam 
are extruded cordite, sometimes called double-base 
propellant, and plastic propellant Tho extruded 
cordites are similar chemically to gun propellants 
and are available m a wide range of sizes and burning- 
rates In general, the burnmg-rate is adjusted by 
altering the calormmetric level, the more energetic 
the composition, the faster ıt burns The size of 
charge which can be produced is limited by the size 
of the presses available and the hazards mvolved 
with large quantities However, the double-base 
system has been recently extended by the exploita- 
tion of a casting process m which the nitrocellulose 
is gelatmized m a mould by desensitized mitro- 
glycerine, the charge then bemg cured at 140^ F for 
some days In this way charges larger, and more 
complex in shape, than those capable of extrusion 
are bemg produced Both extiuded cordite and cast 
double-base are used as loose charges in the rocket 
motors 

Plastic propellant, however, bemg a putty-lke 
material, is capable of case-bondmg, since the 
material can accommodate the differential thermal 
expansion between the motor wall and the propellant 
itself This type of propellant has been developed 
to make use of ammonium perchlorate as the 
oxidizer Burning-rates are adjusted by the addition 
of ammonium picrate and, as with extruded cordite, 
the lower-energy compositions burn more slowly than 
those of high energy ‘This propellant has been suc- 
cessfully used ın the largest Birtish solid-propellant 
rocket to date, namely, that used in the Skylark m 
the International Geophysical Year experiments , 
this 10cket has a charge of about 1,800 Ib of pro- 
pellant and 1s 17 m im external diameter 

Another solid propellant bemg mvestigated is tho 
so-called pressed charge, pioneered by Nobel Division 
of Imperial Chemical Industries, Ltd In this pro- 
pellant the mgredients are consohdated to rock-hke 
form by powerful presses Ammonium mtrate is the 
oxidizer, and propellants with low rates of burning, 
particularly surted foi assisted take-off units and for 
gas generatois, are produced 
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The present trend 1s for rockets to mcrease m size, 
and none of the propellants mentioned, with the 
possible exception of cast double-base, 1s altogether 
suitable for large missiles Work 1s therefore pro- 
ceeding on other castable composite propellants based 
on synthetic rubbers and, of these, polyurethanes 
appear to have many advantages There 1s also a 
demand for higher performance and this can only be 
achieved by the introduction of novel mgredients, 
such as light metals, or new combustion systems 
which might, possibly, be based on fluorine com- 
pounds In addition, if sohd propellants are to be 
used m the larger missiles, then methods of thrust 
control and thrust termination will need to be 
developed and the rehabihty of operation will have 
to be very hugh j 

Finally, Dr L R Shepherd, of the Atomic Energy 
Research Establishment, Harwell, and chairman of 
the British Inter-Planetary Society, spoke about 
propulsion for space travel The equation mentioned 
earlier represents an idealized condition and m the 
actual ease of & rocket accelerating from the surface 
of the Earth the actual velocity may be 1,000-2,000 
metres/sec less than the value predicted by this 
equation on account of atmospheric resistance and 
other effects For even the most modest excursion 
into space the limitations of conventional propellants 
demand the use of multi-stage rockets Using avail- 
able chemical propulsion systems in staged rockets, 
i$ should be possible to put 20-ton payloads into 
orbit around the Earth or to deposit 1-2 tons of 
mstruments on the Moon But for any more 
ambitious mussion, propellant systems of much 
higher performance are 16quired 

Dr Shepherd considered that the difficulties in- 
volved m the application of reactions between free 
atoms or radicals (mentioned by Mr Adams) made 
rt seem unhkely that these can be successfully applied 
to a practical propulsion system 

Another possibility is the utihzation of forbidden 
transitions between excited and ground states in the 
electron shells of certam atoms, for example, helrum 
If the active material can be stored and its energy 
released ın the thrust chamber of a rocket engme, 
the potential usefulness of a small smgle-stage vehicle 
is enormously extended It may be that the storage 
of active helram at low temperatures 18 more feasible 
than that of atomic hydrogen 

Speculations on the application of nuclear power 
to roexet propulsion generally assume that the 
energy from a nuclear reactor can be transferred to a 
suitable workmg fluid, the optimum material bemg 
hydrogen This might be achieved by heatmg the 
working fluid in a thrust chamber and allowing 1t to 
expand through a nozzle m a manner similar to 
convensional practice Alternatively, the workmg 
fluid may be ionized and accelerated as a plasma m 
a magnetic field There are many formidable tech- 
meal problems to be overcome before such nuclear 
systems can be developed 

The use of electrical methods of propulsion has 
also been proposed This would mvolve an are dis- 
charge to heat a working fluid and expand ıb through 
a nozzle, or, to avoid excessive temperatures, the 
electrical acceleration of a working medium It 
is generally assumed that this would be effected 
by 1oniing the workmg fluid, extractmg the 
positive ions, and accelerating them through an 
electrostatic field ^ Alternatively, a fully 1onmed 
plasma may be accelerated in an electromagnetic 
pump 
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kmg medium of such a system would 
probably be one of the alkah metals, possibly 
Sodium At a temperature of 3,500? K and a 
pressure of 10-5 atmospheres, a sodium plasma is 
95 per cent iomzed, there should therefore be 
httle difficulty m produemg and maintammg such 
a plasma 

It is known that a meat deal of development work 
on novel propulsion systems 1s bemg carried out in 
the United States and presumably also im the 
USSR 

In the discussion, Prof M Stacey expressed 
interest in the possibility of usmg fluorine in pro- 
pulsion systems The high toxicity of the combustion 
products was cited as a fundamental difficulty, and 
costs would also be high In reply to questions con- 
cerning the relative rehabihty of hquid- and sold- 
propellant motors, ıt was pomted out that there 1s 
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very httle mformation to support an absolute com- 
parison A liquid-propellant motor, bemg more 
complex, might be expected to have a greater rate 
of failure, but the opmion of many British workers 
18 that, given adequate attention m the research and 
development phases, the rehabihty of liquid-propel- 
lant motors should at least approach that of corre- 
sponding solid-propellant motors Questions were 
also raed regarding the role of solid ‘cigarette 
burning’ charges in view of the desire for high loading 
densities for propellants It was explamed that the 
application of this type of charge to larger motors 
18 limited by the need for high burning-rates and the 
additional msulation necessary to protect the motor 
wall which 1s exposed to the hot combustion products 
as burning proceeds These factors rob the 'exgarette 
burning’ charge of 15s 1mmediate attraction 
W B LITTER 


" DENSITY OF THE UPPER ATMOSPHERE FROM ANALYSIS OF 


SATELLITE ORBITS: 


FURTHER RESULTS 


By D. G. KING-HELE 


Royal Aircraft Establishment, Farnborough 


N an article on this topic m Nature some months 

ago’, a new method of determming air density 
fiom the rate of contraction of satellite orbits was 
deseribed and apphed to the satellites launched 
durmg 1957 and 1958 In the present article the 
method has been refined by takmg account of 
atmospheric rotation, and further results are given, 
utilizing the satelhtes of 1959, for heights between 
180 km and 700 km The varistion of density with 
latitude and season, and day-to-mght changes, are 
also discussed 

The rate of decrease of the orbital period of a 
satellite, which can readily be measured, depends on 
the integrated effect of air drag around the orbit 
The diag is greatest at perigee, and for a given 
satellite it ig the aw density at heights a little 
above that of perigee which chiefly 
contiols the drag effects and which can 
best be estimated from the rate of 
change of period, dT'Jdt 


pum 


Method of Analysis 


It is assumed, first, that the drag D actmg on a 
satellite of mean cross-sectional area S, moving with 
velocity v relative to the centre of the Earth, m ar 
of density p, may be expressed in terms of a diag 
coefficient Cp as 


D = tpv°PSCp (1) 


where SCp may be taken as constant, and the factor 
F is included to allow for the fact that v differs from 
the velocity V of the satellite relative to the ambient 
ar F, which is equal to (V/v)*, may be taken as 


F = e — zs cos e) (2) 


v 


where 7 18 distance from the centre of the Earth, 
suffix p denotes perigee, w 1s angular velocity of the 
X 
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atmosphere (taken equal to that of the Earth) and 
1g melmataon of orbit to equator For almost all the 
satellites so far launched, F has been between 0 9 
and 1 

The second assumption is that the density p at 
heights above that of perigee may be taken as 
varying exponentially with height y, so that 


p=pp exp { — (y — yp)/H} (3) 


where H, which 1s appioximately equal to the scale 
height, is taken as constant The value of H is not 
known accurately at heights above 180 km , but, if 
H* 1s the best estimate of H, the density at a height 
1H" above perigee, p", can be expressed m terms of 
dT /dt by the equation 


e H*  H* } 
eed ess Ex es 2 I 4 
8 d aH* fı 2 8ae ee (s ; A) (4) 


where 8 = FSCp/m, m 1s the mass of the satellite, 
à 18 the semi-major axis and e the eccentricity of the 
orbit If 0 02 — e <0 15 and H*, the best estimate 
of H, does not differ from the true value of H by & 
factor of more than 1 5, the maximum error m the 
expression (4) for p* is less than 5 per cent Ife 1s 
mereased to 0 2, the maximum error 1s 10 per cent 
Equation 4 1s the same as equation 5 of the previous 
article, except that SCp/m has been replaced by 
FSCp/m The miroduction of the factor F allowmg 
for atmospheric rotation changes the resulting values 
of density by 5-10 per cent, and the change 1s always 
an ierease, since no satellite has yet (September 
1959) been launched against the rotation of the Earth 
When e < 0 02, equation 4 becomes less accurate, 
and for 0 005 < e < 0 02, can best be replaced by 


x  _. 0 0644 dT exp(ae/H*) H 
€ 7 778a dt l,(ae]H*) fi PON JO 
(5) 
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Table 1 VALUES OF ô = FSCyp/m FOR SATELLITES 19572-19590 
Mass m miS p ó 
Satellite (kgm ) |(kgm /sq m )|(8q m /kgm ) 
Sputnik 1 1957 a2 88 6 110 0 0088 
Spuinek 1 rocket 1957a1 ~ 63 0 015 
Sputnik 2 1957 8 — 59 0 016 
Explorer 1 1958a 140 28 0 089 
Vanguard 1 1058582 147 23 0 040 
Explorer 3 1958 y 141 23 0 039 
Sputmk 3 1958 62 | 1,327 207 0 0046 
Sputmk 3 rocket 1958 ô — 63 015 
Explorer 4 958 € 175 29 0 032 
Atlas 1958 ¢ 3,960 28 0 032 
Vanguard 2 1959 al 9 75 20 0 044 
Vanguard 2 rocket 1959 a2 23 18 0 050 
Discoverer 2 1959 y 635 48 0 021 
Discoverer 5 1959 « 635 48 0 021 
Discoverer 6 1950 ¢ 635 48 0 021 











where J, 18 the Bessel function of the first kind with 
imagmary argument, of order zero 


Evaluation of 8 


The main difficulty in applymg equations 4 and 5 
hes in the evaluation of 8 (= FSCp[m) and m 
particular of SCp It is assumed here, as im the 
previous article, that each satellite rotated about rts 
axis of maximum moment of mertia For satellites 
with length/diameter ratio greater than about 2, the 
extreme modes of rotation are then (a) travelling 
exactly lke an aeroplane propeller, and (b) tumbling 
end over end In (a), the axis of spin and the direction 
of motion are in hne , m (b), the angle between them 
is 90°, m practice, the angle may be anywhere 
between these extremes, and the mean of the values 
of SCp for all modes of motion between (a) and (b) 
has been taken, the drag coefficient bemg caleulated 
for free-molecule flow with diffuse reflexion 

For near-cylindrical satellites, such as Explorers 1, 
3 and 4 and Atlas (1958 a, y, e and C), SCp has been 
taken as ] 85 Ad, where ? and d aie the effective 
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length and diameter, the maximum possible erro. 
bemg 19 per cent A recent study? has shown that a 
rotating cone of length X and base diameter d, and 
of shape similar to Sputmk 3 (195882), has SCD = 
1 43 4d under mode of rotation (a), and 1 45 Ad unde: 
mode (b), corresponding to drag coefficients (based 
on the appropriate mean cross-section) of 2 18 unde 
mode (a) and 2 09 under mode (b) A drag coefficient 
Op of 2 15 based on the mean of the eross-sections 
under modes (a) and (b) has been taken here For 
the spherical satellites, Sputmk 1 and Vanguards 1 
and 2 (195702, 195882 and 19591), Cp has, 
as before, been taken as 2 2, based on the mean 
cross-section, meludimng antenne The values of 3 
for Sputmk 9 and the 1ockets of Spuiniks 1 and 3 
have been obtamed by comparison with Sputniks 1 
and 3, as explamed previously! For the Dwcove e 
satellites, which are cone-cylinders, 3 has been taken 
as the mean of the cross-sections under modes (a) 
and (b), with Cp — 22 

Table 1 lists the values of 8 obtamed for all the 
satellites launched before September 1959 whose 
orbits aie known, except Explorer 6 (19598), to 
which the theory is not appheable, smce e 1s greater 
than 02 ‘The values for the JDscoverers apply 
durmg the period after the ejection of the re-entry 
capsule If the assumptions already stated are 
justified, the error (standard deviation) m the 
tabulated values of 98 will probably be rather less 
than 10 per cent 


Evaluation of Air Density 


The ar density at height $475 above perigee has 
been found for each of the satellites listed m Table 1 
from equation 4 (o1, for Discoverer 2, equation 5), the 
values of H* chosen bemg consistent with those 
given later m this article For the Russian satellites, 
values of dT /dt, a and e have been taken from orbital 
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die nations made 1n T TS ux = 5 

ribamn?-9 For ihe US R Fi ay al M rias ocyos R JOVEMBER | DECEMBER pee] ena en ee MAY 
satelhtes, values have come £88 ° à VE AU Er E 
from the orbital data issued — EET 50 | — cae EST 2 
by the Smithsonian Astro- SS% 100 a ` id 
physical Observatory and 948 -^ d N si | 
by Projeet Space Track, 150 NL 
Bedford, Mass For satel- T 
lites with long life-times, 12 Ps 
the values of dT'/dt have S 
been averaged over mter- %¥ 
vals of several months E 11 

The resulting values of H 
an density are shown m 2 
Fig 1, and a curve has been gol? | 
diawn through the points È 
to represent average dens- P oo i 
iy Itis worth notmg that z | 
the individual pomts he 3 
close to the curve, except 4 08 
for Sputnik 1 rocket, for s 
which, however, the orbital "m 


information is rather 
meagre None of the other 
twenty pomts m the cluster 
below 300 km differs from 
the curve by a factor of 
more than 1 25 Some 
scatter is to be expected, because of the errors 
i] 8 and because the density varies from week to 
week by up to 30 per cent at 200 km height? and by 
50 per cent or more at 700 km è Because of the latter 
variations, and because of the possible influence of 
charged drag!*.15, the three points above 500 km are 
less reliable than those below 

The value of 6 7 x 10-5 gm jec for aw density 
at 440 km , deduced“ from the rate of expansion of 
a cloud of sodium vapour from the Russian Geo- 
physical Rocket of February 1958, differs from the 
curve of Fig 1 by a factor of less than 1 265, and fills 
a gap in a rather empty region 


40° N 


Variation of Density with Latitude 
and Season į 


The pomts plotted m Fig 1 refer to latitudes 
ranging between 70° N and 50? 8 , and to all seasons , 
but there is no sign of any systematic variation of 
density with latitude or season In view of the small 
scatter, 1t seems probable that the density at a given 
height below 300 km does not depart from its average 
value by a factor of more than about 1 5 as & result of 
variations with latitude (between 70°N and 50°S } 
and with season This is in contrast with the direct 
measurements from rockets**,!*, which suggest a much 
wider variation, by a factor of 5 or even 10, so 1b 18 
worth seeking further evidence 

Such evidence can be obtamed from the orbit of 
Sputnik 3 between May 1958 and June 1959 Durmg 
this time, the perigee latitude moved slowly from 
50° N to 65° S, and the perigee height changed by 
less than 20 km The rate of change of period of 
Sputmk 3 thus provides a continuous mdiestion of 
the am density at heights between 200 and 250 km, 
and over the range of latitude from 50° N to 65° S 
The ar density pp at the current perigee height was 
calculated from the equation!’ 


Lar [a H 
Ir mewe re eee —— —À — 2 d—— guaman 
ep 38 dr ^ raf {1 £ as] (6) 


20° N 0 
Latitude of perigee 


40° 8 60° 8 


Fig 2 Air density at the initial perigee height of Sputnik 3, 226 km variation with latitude 
and time 


with H = 30 nautical miles (56 km) The values of 
dT jdt were obtamed from the records of orbital period 
kept by the Royal Aurcraft Establishment (May- 
October 1958) and the Radio Research Station, 
Slough (October 1958-June 1959) The density at the 
initial perigee height Ypo (226 km) was then found 
by multiplymg pp by exp(— (ypo — yp)/H}, where 
Yp 1s the current height of perigee over an oblate 
Earth This process gives the air density at the 
mhal perigee height (226 km ), but at latrtudes near 
the current perigee latitude The resulting densities, 
calculated at 20-day intervals and expressed as a 
multiple o of the average density, are plotted agamst 
perigee latitude in Fig 2 A satellite encounters drag 
over & range of latitudes near perigee, and each point 
m Fig 2 represents an average density over the 
15-20? of latitude withm which most of the drag 
effect occurs, rather than the density at the exact 
latitude where ıt 1s plotted Consequently, there 1s 
no virtue m reduemg the tmme-mterval between the 
points m Fig 2 

The chief errors ın c are hkely to result from 
errors in dT/dt (estimated standard error 3 per 
cont), H and ypo — ys (estimated bias errors 20 
per cent each) and è (maximum error? 5 per 
cent) The estimated standard errors m o from 
these four sources are 3, 23, 24 and 24 per cent, 
respectively, implymg a standard error m o of about 
5 per cent 

The density at heights of 200-250 km 1s known to 
vary with time, by a factor of up to 1 3, exhibitmg 
a 28-day periodicity, which 1s attributed to solar 
distur bances*-!, and one of the reasons for choosing 
a 20-day mterval m Fig 2 was to avoid giving 
prommence to the 28-day oscillations Fig 2 repre- 
sents the combined variation due to solar effects, 
latitude, season, ete — Since none of the values of c 
differs fiom 1 by a factor of more than 1 4, and the 
standard error 1s about 5 per cent, Fig 2 strongly 
suggests that the density does nob depart from its 
average value, as a result of seasonal and latitude 
effects, by a factor of more than 1 5, between latitudes 
50° N and 65° S, thus confirmmg the evidence of 


1270 


Fig 1, ibis very unhkely that strong seasonal and 
latitude variations do occur and happen to have 
cancelled out for Sputmk 3 

It would probably be unwise to draw any positive 
conclusions about the varaton of density with 
latitude and season from Fig 2, but the large drop 
at the right-hand end does encourage the speculation 
that the aw density at heights of 200-250 km may 
be low at latitudes south of 60°S, at least m the 
winter 


Day-to-night Variations in Density 


The upper curve m Fig 2 shows the angle SCP 
subtended at the centre of the Earth (C) by the 
Sun (S) and the perigee (P) of Sputmk 3 If this 
angle exceeds 90°, the surface of the Earth below 
perigee 1s m darkness, if the angle exceeds about 
105°, the perigee point itself ıs m darkness Com- 
parison. of the two curves in Fig 2, though mevitably 
mconelusive because of the errors m o, gives the 
impression that the air density 1s related to the angle 
between Sun and perigee, a possibilty which has 
previously been suggested by Sedov’, Iadov!?, 
Groves% and others If so, the ar density at heights 
of 200-250 km 1s rather higher on the sunlit half of 
the Earth than on the dark half, and this day-to- 
night variation, which had a period of about 90 days 
for Sputnik 3, and an amplitude of perhaps + 10 per 
cent, would be superposed on the 28-day variation 
due to solar disturbances, which had an amplitude 
of about + 20 per cent A rather simuar mter- 
pretation for a height of 700 km was recently pro- 
posed by Wyatt”, from analysis of the orbrt of 
Vanguard 1, though at this greater height the angle 
between the Sun and perigee is, on Wyatt’s mter- 
pretation, more important than solar disturbances 
There 18 also some slight mndication of a day-to-night 
variation for Sputnik 2 and Sputnik 3 rocket, though 
the 28-day variation 18 dominant? 


Values of H 


The slope of the density-versus-height curve of 
Fig 1 gives the value of the coefficient H m equation 
3, and Table 2 lists values of density and of H derived 
from the curve Other curves, of different slopes, 
could however be drawn m Fig 1, the individual 
values of H m Table 2 might, therefore, be ım error 
by up to perhaps 20 per cent, though the mean value 
of H between 200 and 400 km height is almost 
certainly between 50 and 60 km 

The rather wregular values of H m Table 2 between 
200 and 260 km result from the mdentation m the 
curve of Fig 1 If, mstead, a smooth curve were 
drawn, seven successive pomts, from six satellites 
of quite different shape, size and date of launch 
(Explorer 4, Doscoverers 2, 5 and 6, and Spuimks 1 
and 3), would he on the same side of the curve The 
indentation, therefore, seems justifiable, though rt 
might still be ulusory, 3f several pomts happened to 
be m error m the same sense 

If the indentation 1s real, 16 indicates a rather large 
value of H—more than 50 km—at heights near 
220 km , 1n aecord with the values of H found from 
the decrease in the perigee distance of satellrtes!.2? 
The ar temperature depends? on the product of H 
apd M, the mean molecular weight of the am So, 
unless M varies widely between 210 and 230 km, 
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Table 2 VALUES oF AIR DESDE AND H GIVEN BY THE CURVE OF 
Ie 1 
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Heignt Air density Density H 

(km.) Sea-levei density (gm [e c ) Gam ) 
180 6 4 x 10-19 7 8 x 10-9 27 
200 ~ 8 2 x 10719 39x 10-8 35 
220 2 0 x 10-1 2 5 x 10-5 52 
240 14 x 10-5 17x10 46 
26D 77x10 94 x 1074 32 
280 45x10 55x10-4 47 
300 30x10 37x10 57 
820 21x 10 26x 10-4 62 
840 16 x 10-9 20x10 68 
360 12x10 15xi07«4 76 
380 98 x 10-5 11x10 77 
400 72x 107” 88 x 10715 79 
500 21 x107! 26 x 10715 86 
600 711x105 87 x 10715 90 
700 25 x 10-8 8 1 x 10-1 99 














the mdentation corresponds to a peak m temperature 
near 220 km height, the maximum. value bemg near 
60 M °K The value of M is not known exactly, but 
is probably near 20 Such a peak m temperature 
might imply the absorption of certain wave-lengths 
im the solar radiation at heights near 220 km , though 
this deduction must be regarded as speculative®® 


Conclusions 


A consistent picture of the air density at heights 
between 180 and 700 km 1s obtained from the orbits 
of 15 satellites (see Fig 1 and Table 2) The picture 
1s more complete and more reliable at heights below 
500 km than above All the results refer, however, 
to the years 1957-59, and ıt ıs probable that the 
density varies in the course of a sunspot cycle There 
1$ sorce indication of a peak in temperature near 
220 km height, but there ıs no sign that density 
varies with latitude or season by a factor of more 
than 15 Analysis of the motion of Sputnik 3 con- 
firms this latter conclusion, for a height of 220 km, 
and shows some evidence of day-to-mght variation 
in density 

I wish to thank Mrs D M © Walker for preparmg 
the diagrams and tables m this article 
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NEWS and VIEWS 


Nobel Prize for Chemistry for [959 
Prof Jaroslav Heyrovsky 
Pror JaAnosnav Huyrovsxy, director of the 
Polarographic Research Institute of the Czechoslovak 
Academy of Sciences in Prague, has been awarded 
the Nobel Prize for Chemistry for 1959, for his dis- 
covery and development of polarography A native 
of Prague, he studied under Sir Wiliam Ramsay 
and F G Donnan in London before the First World 
War and then returned to Prague to contmue his 
research work It is of interest that the work on the 
determination of the electrode potential of aluminium 
which led eventually to the development of the 
polarographic method was suggested to him by 
Donnan The first polarographic apparatus was 
made m 1925, but the method did not become widely 
recognized for a further decade, and Heyrovsky’s 
major book, ‘“‘Polarographie”’, did not appear until 
1941 However, the number of papers dealing with 
polarography now approaches the 10,000 mark, and 
the technique finds appheation m many fields of 
chemistry and biochemistry , 1t has had a profound 
influence on analytical chemustry, for some determ- 
mations which are difficult or impossible to carry 
out by other means yield readily to polarographic 
treatment In addition, there have been made non- 
analytical applications For example, the kmoeties 
of electrode reactions and of chemical reactions 
associated with redox processes have been studied, 
iedox potentials have been determmed and tho 
energetics of the reduction of organic compounds 
have been elucidated Prof Heyrovsky has not 
enjoyed good health for some years, and 1s therefore 
prevented from accepting many of the invitations 
which he recerves to lecture abroad The present 
award 1s a timely recognition of his great services to 
analytical chemistry, particularly as he will celebrate 
his seventieth anniversary next year 


Glass Technology at Sheffield . 
Mr Michael Parkin 


Wiru the retirement of Mr Michael Parkın, the 
Department of Glass Technology in the University of 
Sheffield lost ıts last member of that small team of 
pioneers recruited by Prof W E S Turner m the 
years immediately following the First World War to 
build up a department which has become world- 
famous Mr Parkm studied chemistry m the Univer- 
sity of Sheffield, however, his studies were inter- 
rupted by war-time services m an explosives factory 
and m the Royal Flymg Corps In 1920 he jomed 
the Department of Glass Technology, and apart from 
a short period ın industry (he was works chemist to 
Messrs Barr and Stroud, Ltd , 1924-28) he has served 
the Department contmuously Until 1955 the Depart- 
ment performed dual functions, carrying out the work 
of & University department and advisory work and 
investigations for the industry under the advice of the 
Glass Delegacy, the members of which were roughly 
equally divided between the University and the glass 
mdustry Mr Parkm made a major contribution to 
this work This prevented his talang a direct personal 
responsibilty for the research side of the work of 
the Department, but those whose responsibility i6 
was to direct the research work would be the first 
to acknowledge the important part played by Mr 


Parkm in assistmg research workers In 1955 the 
industrial work was taken over by the newly formed 
British Glass Industry Research Association, a step 
which Mr Parkin never pretended to approve, but, 
as all who know him would expect, he has, duung 
these past four years, spared no effoit to help the 
University Department 1n its new regime to flourish 
Perhaps the value which his present colleagues place 
on his services can best be emphasized by saymg 
that he has been persuaded to contmue as a part- 
time member of the staff for a short pe1iod while 
certam plans for future staffing of the Department 
mature 


British Association Representatives in the U S.S.R 


Tux British Association for the Advancement of 
Science has accepted an mvitation from the U S S R — 
Great Britam Society, conveyed through the Soviet 
Embassy ın London, to send two representatives to 
the U8 S R to visit schools, universities and scientific 
mstitutions, to meet Russian scientists and to discuss 
future relationships and exchanges The British 
Association’s representatives are Dr W E Swinton, 
who 1s an honorary general secretary of the Associa- 
tion, and Su George Allen, who is its secretary 


European-American Nuclear Data Committee 


A Commirrez for European—American Nuclear 
Data has been set up by the European Nuclear Energy 
Agency, m agreement with Euratom, the United 
States of America and Canada, to assure collaboration 
among members and associate countries of the 
Organization for European Economic Co-operation in 
the measurement of nuclear properties The Com- 
muttee will be primarily concerned with measure- 
ments of nuclear cross-sections and other basic data 
essential for the technical development of nuclear 
energy The Committee 1s to consist of thirteen 
experts from the United States, Canada, the United 
Kingdom, the Euratom and other OEEC coun- 
tres Its operations will be m accordance with 
existing bilateral agreements The work of the 
Committee will include the critical review of existing 
knowledge of nuclear cross-sections and constants, 
and of facilities, techniques and man-power available 
for their determination The Committee will also 
collect and correlate data from avaiable sources, 
seek to establish a standard nomenclature and 
methods of presentation for such data, and recom- 
mend and sponsor, as necessary, technical meetings 
and symposia to further its objectives  Fmally, the 
Committee will promote the pooling and exchange, 
where appropriate, of equipment and personnel 
Further mformation can be obtamed from the 
Organization for European Economic Co-operation, 
Chateau de la Muette, 2 rue André-Pascal, Paris 
XVIe 


New Forensic Science Society 

A DECISION to form the Forensic Science Society was 
taken at a well-attended meeting held at the Univer- 
sity of Nottangbam on October 31 The object of the 
Society is to advance the study and application of 
forensic science in all rts branches With this aim m 
view, @ series of symposia, to be held alternately ın 
London and in the provinces, is bemg arranged. 
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Among the subjects suggested for discussion re 
blood, hypoglyemmia, street accidents and instru- 
mentation All persons professionally interested in 
forensic science are eligible for membership The 
president of the Society 1s Dr J B Firth, and the 
secretary Dr E G C Clarke, of the Royal Vetermary 
College, London, N W 1, from whom further mforma- 
tion can be obtamed 


Preservation of the Malvern Hills 

As a result of the confirmation, by the Minister of 
Housing and Local Government, Mr Henry Brooke, 
of an orde: made by the National Parks Commission 
under the National Parks and Access to the Country- 
side Act, 1949, about forty square miles of the 
countryside m the counties of Gloucester, Hereford 
and Worcester, meludmg the whole of the Malvern 
Efills, are to be established as an ‘area of outstanding 
natural beauty’ The designated area extends from 
Knightwick in the north to Bromsberrow m the 
south and from Suckley, Cradley, Coddington, 
Wellmgton Heath and Ledbury in the west to 
Welland and Great Malvern m the east. It meludes 
such well-known features as the Worcestershire 
Beacon, North Hill and the National Trust’s property 
at Midsummer Hill The responsibility for preserving 
the landscape rests with the County Councils of 
Gloucestershire, Herefordshire and Worcestershire as 
the local plannimg authorities Government grants 
can be made at the rate of 75 per cent towards the 
cost of treatmg derelict land, tree planting and 
preservation and removing disfigurements Grants 
are also available towards expenditure mcurred in 
makmg agreements or orders for public access to 
open country and m appomtmg wardens Designation 
does not provide any right of access to land not 
already open to the pubhe Nor does 16 affect the 
existing use of land, such as the use of War Depart- 
ment land for military purposes 


Newly Available Endocrine Preparations 

Tue Endoermology Study Section of the National 
Institutes of Health has the followmg highly purified 
pituitary hormones available for distribution free to 
qualified mvestigators- growth hormone, bovine, 
non-sterile for animal experiments only, follicle- 
stimulating hormone, ovine, sterile preparation 
25 mgm vials for experiment, 5 mgm vials for assay 
standard; lutemuzmg hormone, ovine, sterile pre- 
paration, 10 mgm vials, prolactin, ovine, sterile 
preparation, 25 mgm vials Further mformation can 
be gamed from Dr R T Hull, Executive Secretary, 
Endocrmology Study Section, Division of Research 
Grants, National Institutes of Health, Bethesda 14, 
Maryland. 


National Science Foundation: Grants for Private 


Foundations ın 1957 

Grants made by the National Science Foundation 
for scientific research and development by private 
philanthropic foundations and voluntary health 
agencies totalled 95 million dollars durmg 1957, of 
which about 59 milhon dollars was m support of 
basic research (No 15, Reviews of Data on Re- 
search and Development National Science Founda- 
tion, Washington, DC) It is estimated that 
research expenditure for 1957 by private foundations 
and health agencies m the United States amounted 
to about 8 per cent of the estimated national basic 
research expenditure of 700-800 milhon dollars 
Expenditures for research and development by these 
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institutions amounted to less than 1 per cent of the 
total expenditures for research and development by 
all organizations Of 4,067 private foundations sur- 
veyed, 438 reported research and development pro- 
grammes, and a total expenditure of 72 mulhon 
dollars Twelve foundations accounted for more 
than half this expenditure 82 per cent was in the 
form of grants and related admumstrative expenses 
to octside organizations The latter were pre- 
dominantly educational institutions and them affil- 
ated professional schools and hospitals One ın five 
foundations with research and development pro- 
grammes reported expenditure for research in their 
own laboratories or facilities The major part of 
support by foundations m 1957 covered the hfe 
sciences, accounting for 45 per cent of ther total 
researzh and development expenditures The social 
sciences were next m volume of support, and the 
physical sciences last, according to the report 
Twenty-five of the thirty voluntary health agencies 
surveyed for 1957 reported expenditure for research 
and development, this amounted to 23 milhon 
dollars, of which almost one-half was for basic research, 
Four of the health agencies accounted for more than 
four-fifths of the total research expenditures, most 
of which were in the form of grants to outside organ- 
wations and individuals Educational mstitutions 
and affihated medical schools and hospitals were the 
major recipients The voluntary health agencies 
concentrated almost exclusively on the support of 
biological and medical research. 
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illuminating Engineering Society 

AT she meetmg of the Illummatig Engineermg 
Society held i» London on October 13, Mr H G 
Campbell was installed as president of the Society 
for 1659-60 Educated at Oundle and Queens’ 
College, Cambridge, Mr Campbell is managing direc- 
tor of Benjamm Electric, Ltd, and a director of 
Holophane, Ltd The Leon Gaster memorial premium 
of the Illummating Engmeermg Society for 1959 has 
been awarded to Dr R G Hoplunson and Mr J. 
Longmore (both of whom are with the Building 
Research Station of the Department of Scientific and 
Industrial Research) for ther paper entitled “The 
Permanent Supplementary Artificial Lighting of 
Interiors”, 


US. Society of Protozoologists 

Tue followmg officers, for the academic year 
1959-60, were elected or appomted at the annual 
meeting of the Society at Pennsylvama State Uni- 
versity, durmg August-September Presideni, Dr 
Norman D Levme (University of Ilmo), Vaice- 
President, Dr. Regmald D Manwell (Syracuse 
University), | Executwe Commitee (new members), 
Dr E R Noble (Santa Barbara College, California), 
Dr Charles Ray, jun (Emory University) 


Mond Nickel Fel'owships 


THe Mond Nickel Fellowships Commuttee 
announced recently the award of a Fellowship fo: 
1959 to Mr D J O Mann (John Lysaght’s Seun- 
thorpe Works, Ltd ), to study the practical applica- 
tions o? recent metallurgical research and techniques 
to the production of basic semi-finished steel, and 
Mr. N J B Pocock (Capper Pass and Son, Ltd ), to 
study developments in extractive metallurgy m the 
United Kangdom, Europe, the United States and 
Canada, and their dependence on the size and location 
of the organizations concerned 
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University News : Hull 


THe Department of Scientific and Industral 
Research has made a grant of £6,000 to the Depart- 
ment of Chemistry towards the purchase of a mass 
spect: ometer m support of research by Dr G € Bond 

The Nature Conservancy has made a grant of 
£4,900 to the Department of Geography for a three- 
year investigation into the coastal geomorphology of 
Holderness and Spurn Head 

The followmg appomtments to lectureships were 
made and took effect as from October1 F J Bryant 
(physics) and I C Wiliams (zoology) 
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London 


THe following titles are announced that of 
piofessor of physics m the University of London, 
conferred on Dr M Blackman, m respect of hus 
post at the Imperial College of Science and Tech- 
nology , of professor of physical chemistry m the 
University of London, conferred on Dr F C 
Tompkins, in respect of his post at the Imperial 
College of Science and Technology, of reader m 
biochemistry m the University of London, conferred 
on Mr S P Datta, m respect of his post at University 
College, of reader m apphed mathematics m the 
Umversity of London, conferred on Dr CO W 
Kilmister, m respect of his post at King’s College 


Oxford 


RESEARCH grants are announced as follow- by the 
Medical Research Council, a grant not exceeding 
£1,100, for one year as from October 1, for scientific 
assistance m. a study by X-ray analytical methods of 
msulin and related structures, to be carried out in the 
Laboratory of Chemical Crystallography under the 
direction of D M Hodgkin, reader in X-ray crystallo- 
graphy, by the Umted Kingdom Atomic Energy 
Authority, a grant not exceeding £5,700 for three 
years as from October 1, 1959, for studies in inter- 
ferometric spectroscopy, to be carried out in the 
Clarendon Laboratory under the direction of H G 
Kuhn, also a further grant not exceedmg £1,250 
during the period October 1, 1959, to September 30, 
1960, for work on the constitution of bismuth-rich 
alloys, bemg carried out in the Department of Metal- 
lurgy under the direction of Prof W Hume-Rothery , 
by the US Public Health Service, a sum of 14,160 
dollars for one year from September 1, 1959, for the 
continuation of research on vision and hght quanta 
bemg carried out in the Department of Physiology 
by M. E Pirenne, under the direction of Prof E G T 
Laddell 

The Department of Scientific and Industrial 
Research has provided grants not exceeding £1,000 
for one year as from October 1, 1959, for research on 
some natural products with biological activity, to be 
earned out in the Sm Wilham Dunn School of 
Pathology under the direction of Dr E P Abraham , 
£1,500 for one year as from October 1, 1959, for 
research into perceptual lunitations in high-speed 
performance m the Institute of Expermmental Psycho- 
logy by H Kay, under the direction of Prof R C 
Oldfield , £22,860 for three years ending September 
30, 1962, for an investigation of the geological age of 
rock series by methods based on natural radioactivity, 
bemg carried out m the Department of Geology under 
the direction of Prof L R Wager, £1,220 for equip- 
ment for research on the biochemical mechanism of 
cell division, to be carried out m the Department of 
Biochemustry under the direction of Sir Hans Krebs, 
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and £25,725 for the period October 1, 1959, to J uly 31, 
1962, for an investigation of materials, using magnetic 
resonance and double resonance techniques, to be 
carried out in the Clarendon Laboratory under the 
direction of Prof. B Bleaney 

Tho Admuralty has supphed, fo. the year endmg 
March 31, 1960, a grant not exceeding £9,534 10s Od, 
for the continuation of research on centimetre waves 
and fundamental problems bemg carried out m the 
Clarendon Laboratory under the direction of Prof 
B Bleaney , and the Muustry of Supply a grant not 
exceeding £1,175 for a year from September 1, 1959, 
for the contmuation of an mvestigation of fluoro- 
carbohydrates bemg carried out m the Department of 
Biochemistry under the direction of Dr P W Kent 


Announcements 


Mr F C Brasy, chairman and managing director 
of Fredk Braby and Co, Ltd, has been elected 
chairman of the Couneil of the British Non-Ferrous 
Metals Research Association in succession to Dr 
Maurice Cook, who retires from that office on Decem- 
ber 31 


Tue Infra-Red Development Co, Ltd, Welwyn 
Garden City, has amalgamated with Hilger and Watis, 
Ltd, 98 St Pancras Way, Camden Road, London, 
NW 1 The Infra-Red Development Co was founded 
m 1946 and specializes in the analysis of gases by 
non-dispersive imfra-red techniques, primarily for 
industrial purposes , 1t has been under the technical 
control and management of Mr W. B Bartley, who 
will remain managing director It will continue to 
operate at ts works and offices in Welwyn Garden City 


Tue well-known instrument makers, Griffin and 
George, Ltd, Ealmg Road, Alperton, Wembley, 
Middlesex, are opening a new branch at 626 Welbeck 
Road, Walker, Newcastle upon Tyne To celebrate 
this step, two exhibriions are being held, at the 
Heaton Assembly Rooms, Heaton Road, Newcastle 
upon Tyne, durmg November 17-20, and at the 
Con poration Hotel, Corporation Road, Middlesbrough- 
on-Tees, durmg November 23-25 The exhibitions 
will show & representative range of equipment of the 
latest type for education, research and development 
and industry 

UNDER the provisions of the Fulbright Programme, 
travel grants are available to citizens of the United 
Kingdom and dependent territories, to go to the 
United States for an academuc or educational purpose, 
provided that they have adequate financial support m 
dollars for the visit, and have been accepted by an 
American mstrtution of higher learnmg Grants cover 
the cost of direct travel between the candidate's home 
and the American university or mstitution They are 
available durmg June 1, 1960—August 15, 1960, for 
which applications must be submitted by March 14, 
1960, and August 16, 1960—April 1, 1961, for which 
applications must be submitted by June 1, 1960 
Appheation forms and further formation can be 
obteined from the United States Educational Com- 
mussion in the United Kingdom, 71 South Audley St , 
London, W 1 

WE regret that m the article entitled “Scientists 
m the Publ Service in Bribmn" m Nature of 
September 19, p 858, the statement issued officially 
relatmg to Dr J W G Lund ıs meorrect Dr Lund 
is in charge of the algological research of the Fresh- 
water Biological Association, of which Mr H € 
Gulson 1s director 
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BOOTS' NEW BIOLOGICAL RESEARCH LABORATORIES 


By Dr. G | HOBDAY 


Director of Research 


T3555. a night-time air-raid on Nottmgham m 
May 1941, nearly all the research facilities of 
Boots Pure Drug Co, Ltd, were destroyed Blast 
and fire reduced virtually all the chemical and 
biological laboratories to heaps of charred rubble 
The timing of this disaster could not have been more 
unfortunate Under the strmulus of the national 
emergency we were expanding our research operations 
to enable the company to manufacture many vital 
drugs of European origm, supplies of which had been 
cut off by the War, peniciullm, in the development 
of which we were to collaborate, was about to emerge 
It was urgently necessary, therefore, to re-house our 
chemists and biologists as soon as possible Because 
new construction was out of the question existing 
premises had to be converted Choice of these was 
not easy smce the Research Department was by no 
means the only one to suffer damage and every foot 
of space in the company’s buildings m and around 
Nottingham was at a premium 

After due consideration, 15 was decided to 1e-house 
chemustry and biochemistry m a nearby building on 
the Island Street sıte and to evacuate the biological 
facilities, meluding bacteriology and pharmacology 
research and standardization, to a heterogeneous 
group of company buidimgs m West Bridgford, a 
Notémgham suburb These latter, on which over the 
years a considerable amount of money has been 
expended, have served us well Of course, ıb was 
evident from the beginnmg that they would answer 
our needs for only a limited period But, as with 
many war-time expedients, building iestrictions imn 
the post-war years and the subsequent need to share 
out the caprtal cake among an mcreasmg number of 
growing members of the company 
left us ın occupation of them foi r Se 
longer than was originally mtended | 
However, after about eighteen 
months of active planning we 
started construction of a new bio- 
logical research building m Septem- 
ber 1956, and occupation of it has 
just been completed 

The new building, which was 
designed by Boots’ architectural 
staff, ıs sited in Nottingham a short 
distance away from the chemical 
manufacturmg plant, but near 
enough so that services such as 
steam, electricity and water are 
drawn from the cential works 
supply Its near the present chem- 
ical and biochemical research lab- 
oratories and immediately adjacent 
to the site on which these facilities 
will be ie-housed within the next 
few years In plan, the building 1s 
in the form of an regular H, one 
wing of four floors houses admunis- 
tration offices, Medical Depart- 
ment, hbrary, canteen, conference 


Fig 1 







Main entrance to Boots’ Biological Research Laboratories 
offices, library and lecture theatre are on the left, laboratories on the right 


room and a fully equipped lecture theatre seating 200 , 
the linking block contams the mam staircase and lifts 
together with lavatories and cloak-rooms , the other 
wing, longer than the first and on seven floors with a 
basement, is entirely laboratories The total floor 
area 18 approximately 90,000 sq ft Externally, the 
building is of strikmg appearance, one wing 18 of 
brick and the other 1s faced with ceramic tiles m a 
ehecker-board pattern of grey and yellow In internal 


' design the administration wing and lmkmg block are 


farly conventional, but features of special mterest 
include the pre-stressed concrete main stamease and 
the undulant ceilmg m the canteen The lecture 
theatre, which is acoustically designed, 1s fitted with 
stackable chairs which can be removed, entirely 
liberating the floor space for exhibitions, ete Also 
to be noted ıs the pleasant medical and biological 
library housing 15,000 volumes, the stack room of 
which is fitted with mechanically operated stacking 
for economy of floor space The décor throughout 1s 
modern, but not aggressively so, using mamly mono- 
chromatic treatments and avoidmg disturbing colour 
contrasts In the entrance lobby 1s a large colourful 
mural, abstract m design but mtelligibly depicting 
the scientific diserplines provided for m the building 

The laboratory wing is functionally planned to 
accommodate the biological procedures employed, the 
common lnks throughout bemg laboratory animals 
and mucro-organismal techniques Required floor 
area and available site area comparison clearly 
pomted to a multi-storey building, this was quite 
acceptable, indeed m many respects desirable, since 
it permitted a plan of isolation of different functions 
on separate floors while reducing circulation distances 
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and simphfymg centrahzed serviemg The floors were 
planned on a 9-ft module m a block 200 ft long 
and 45 ft wide ‘This plan gave a spinal cormidor 
arrangement which agam helped m the separation 
of functions, smce ib was easy to form the areas at 
both ends mto isolation umts A steel-framed bund- 
ing was chosen with space-frame gimders 3 ft 6 m 
deep and 45 ft span By this arrangement none of 
the internal walls 1s part of the structure, permitting 
alteration of the working areas as the need arises; 
it also provides a space between ceilmg and floor 
above in which services are distributed Vertical 
distribution of services is through a duet, 10 ft by 
17 ft, which goes mght through the bulding from 
top floor to basement The whole of the laboratory 
wing 18 air-conditioned, mlet air bemg drawn in 
through an electrostatic preerpitator and distributed 
through two separate systems, one serving the east 
side and the other the west side to give flexibility m 
takmg care of solar gam through the large unopen- 
able windows A plenum system 1s used with pressure 
differences carefully arranged especially m laboratories 
where micro-organisms are used All extracted air 
from areas of possible infection is filtered sterile 
before bemg vented to atmosphere Where necessary, 
‘hospital’ finishes on walls and ceiling are employed 
to facilitate cleanmg and steruizmg, floor covermgs 
are sheet polyvinylchloride 1n. laboratories and hard 
asphalt m anmal rooms and wash-down areas 
Stainless steel benches and steel under-bench fittmgs 
are employed m all sterile areas and teak tops with 
wooden furniture elsewhere 

Equipment cleanmg and sterilizmg are centralized 
in the basement, where all refuse is memerated There 
are two systems of automatic hoists for handlmg 
separately dirty equipment to the basement and 
returning clean equipment to the requisite floors 
All equipment and material passing from the isolation 
areas are heat-sterihzed before proceeding down the 
‘dirty’ hoist Media-making ıs centralized and from 
& food store on the top floor animal diets are delivered 
to appropriate floors by chutes 

Faechties for work with radioactive labelled sub- 
stances are provided im a self-contamed suite The 
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main units of this are à synthetic chemical laboratory, 
a biological laboratory with separately vented cage 
cabinets and a radioactivity measurement laboratory 
The maim radioactive store is m & shielded room m 
the basement 

The work m the laboratories les in the fields of 
pharmacology, toxicology, bacteriology, mycology, 
virology and parasitology Some routme testing and 
standardization work 1s done on chemical and 
pharmaceutical production material, such as sterilty- 
testing of mjections and bio-assay of msulm Other- 
wise the work 1s mvestigation, much of 16 comprising 
the biological component of research projects mvolv- 
mg other research divisions For example, m the 
field of parasitology trypanosomiasis 18 8 major 
project, and chemical substances synthesized m the 
nearby chemical research laboratories, or new anti- 
bioties :solated in the antibiotic research unit, are 
screened m the new buidmg by specialized laboratory 
tests Those of potential value will undergo more 
specific tests for activity and, m another unit in the 
building, for toxicity Any worthy of chnical or field 
trial will be passed over either to the Medical Depart- 
ment or to the vetermary research division at 
Thurgarton, about ten mules outside the city Work 
of this kmd has produced ‘Ethidium’ and ‘Pro- 
thidium’ for treatment and prophylaxis of bovine 
trypanosomiasis In a sumilar way the parasitologists 
workmg on amoebiasis have contributed to the de- 
velopment of ‘Entamide’ for the treatment of 
amoebiasis Likewise the bacteriologists have col- 
laborated with the chemists and pharmacists in 
developing a new antibacterial substance, ‘Dybena]’ 

Team operations of this kind provide much of the 
impetus for progress ın the search for new substances 
for the treatment of human, vetermary and plant 
diseases The new laboratories form a vital Imk m 
the chain of mvestigations between the first con- 
ception of a new drug and its final availability to the 
pubhe They serve the future m providing the type 
of workmg accommodation which the young research 
scientists of to-day expect and need m order to make 
ther most effective contributions ın the fight agaimst 
disease 


THE BRITISH FOOD MANUFACTURING INDUSTRIES 
RESEARCH ASSOCIATION 


HE British Food Manufacturmg Industries 
Research Association Laboratories at Leather- 
head were open to members on September 16 and 
to invited guests on the following day The wide 
range of the research programme of the Association 
was demonstrated, the exhibits covering work in 
progress for the eight maim groups into which the 
membership is divided, that 1s to say, cocoa and 
chocolate, sugar confectionery, meat and fish pro- 
ducts, jams and jelhes, pickles and sauces, ols and 
fats (meludmg margarme and compound cookmg 
fats), bakers’ prepared materials and muscellaneous 
products ranging from table jellies to salted nuts and 
potato crisps The work undertaken covers funda- 
mental chemical, physical and bacteriological m- 
vestigations alongside technological aspects of food 
manufacture 
For the chocolate mdustry an item of major 
importance 1s the study of the rheology of molten 


chocolate An experunental viscometer was on show 
which had been, designed and built to the require- 
menis of the Association to give measurements of 
viscosity over a wide range of rates of shear A 
method of plottmg the viscometric data has been 
developed which leads to the flow properties of 
chocolate bemg expressible m terms of two con- 
stants The glyceride composition of cocoa butter 
18 bemg studied by chromatographic techniques 
Complete separation of the mono-unsaturated tri- 
glycerides has been achieved by reverse phase paper 
chromatography using a non-polar stationary phase 
and a suitably chosen mobile phase An mvestigation 
into the volatile constituents responsible for the 
flavour of cocoa and chocolate by gas chromatography 
18 in its initial stage 

The properties of high-boiled sweets, particularly 
ther behaviour on exposure to the atmosphere» 1s 
bemg investigated by means of an apparatus which 
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permits samples to be boiled under closely controlled 
conditions at low moisture content The drying of 
certain, types of confectionery deposited m starch 
moulds 1s being studied m two ways with the view of 
reduemg the 'stoving time’ necessary for them pro- 
duction First, the effects of temperature and hum- 
idity on the rate of drymg of gelatine and starch gums 
are bemg studied m a cabinet in which these factors 
can be closely controlled Secondly, as corn-starch 
18 used as a moulding medium, an mvestigation of 
1ta equilibrium relative humidity at elevated tem- 
peratures is of importance, and an apparatus for 
carrying this out has been devised and built by the 
staff of the Association Other items of research 
connected with sugar confectionery manufacture are 
concerned with the properties of glucose used in 
confectionery (corn syrup), particularly the pre- 
vention of foammg on boulmg and the tendency for 
the material to darken on storage 

The programme of research for the meat products 
group ineludes biochemical studies on residual tissue 
respiration and the measurement of oxidation- 
reduction potential Colour changes and fading ın 
cooked cured-meats are bemg studied with the aid 
of reflectance spectrophotometry On the tech- 
nological level, cooling properties of sausages and 
ther colour stability durmg marketing are bemg 
investigated 

The Association’s bacteriological laboratory 1s 
concerned on one hand with problems connected 
with bacterial spoilage of food, mcluding the ‘blowmg’ 
of canned goods, greenmg in cooked cured-meats and 
bacterial growth m vacuum-packaged bacon, and on 
the other hand, with bacterial aspects of the curmg 
and processing of meat Members are also advised 
on, questions relating to general factory hygiene 

Problems connected with the cannmg of herrings 
are bemg studied by members of the Association's 
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staff at the Torry Research Station, Aberdeen. The 
work involves chemical studies of herring flesh 
and the correlation of changes m the constituents 
of the flesh with flavour changes and with changes 
in texture which occur durmg the cannmg 
process 

The Association maintains close contact with horti- 
cultural stations concerned with the breedmg and 
development of new varieties of soft fruits and helps 
the industry to assess thew surtabilrty for jam manu- 
facture The tendency for raspberry seeds to go ‘blind’, 
that ıs to say, become less visible, m jam 1s another 
problem which has engaged the close attention of the 
Association. 

Much of the work ın connexion with pickles and 
sauces 1s concerned with microbiological spoilage, and 
spoilage organisms from a large number of spoiled 
packs have been isolated and identified Problems 
connected with the production of low-acid pickles 
imvolve studies of the pasteurization procedures 
necessary for a product which will combine adequate 
Shelf-hfe with desirable appearance and eating 
properties 

In conjunction with the National Institute for 
Research in Dairymg, an mstrument for comparmg 
the 'spreadabihty' of margarmes has been developed 
This mstrument, the ‘Fua/Nerd’ extruder, has 
proved to have applications m connexion with other 
foods and, mdeed, ın other mdustries, where the 
rheological properties of semi-solid materials are 
important 

The Association maintains an extensive library of 
books and periodicals Research reports and other 
publications are available only to members of the 
Association, who also recerve monthly issues of 
abstracts from current scientific and technical litera- 
ture Some two thousand items are abstracted m a 
year B R KNAPP 
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THE STRUCTURE AND CHEMISTRY OF PROTEINS 


SYMPOSIUM ON PROTEINS 


HE intensification in recent years of research 
relating to the utilization of the primary products 
of Australia, wool, meat, wheat and milk, and in 
medical research, resulted m the organization during 
September 10-11 of a symposium on “The Structure 
and Chemist: y of Protems’’, at the Division of Protem 
Chemistry of the Commonwealth Scientific and 
Industrial Research Organization Wool Research 
Laboratories, Parkville, Victoria 
The meeting was well attended, with eighty-five 
delegates participating Several overseas visitors 
were present, mcludmg some who had attended a 
symposium on “Hæmatın Enzymes” m Canberra, 
immediately preceding the symposium on protems 
The topics of the twenty-two papers presented 
ranged over many of the fields currently bemg m- 
vestigated in other parts of the world, a notable 
exception, however, bemg studies of ammo-acid 
sequences This reflects the pre-occupation of 
Austrahan workers with the isolation and character- 
ization. of protem components from natural products 
as a necessary first step to a more comprehensive 
understanding of their structure Although the com- 
plex protem muxtures of these products are the focal 


AT PARKVILLE, AUSTRALIA 


point of much of the Austrahan research, studies 
involvmg purified soluble protems, such as insulin 
and lysozyme, plasma albumin and other protems 
as well as synthetic peptides are, however, also m 
progress The rapid advances which are bemg made 
in our knowledge of the ammo-acid sequence, struc- 
ture and behaviour of these classical protems assist 
in the understandmg and mteipretation of the 
chemistry of the more complex biological systems 
The contmbutions that X-ray, infra-red and 
electron-mirroscope mvestigations have made in the 
study of tke structural organization of keratm were 
ulustrated by the work of R D B Fraser, T P 
MacRae and G E Rogers The application of X-ray 
erystallography to the study of the three-dimensional 
structure of a simpler compound, toluene-p-sulphonyl- 
L-prolyl--hydroxyprohne monohydrate, was de- 
scribed by J Fridrichsons and A McL Mathieson, 
and this contribution emphasized the stereo-chemical 
problem encountered with prolyl residues in a poly- 
peptide chan The properties of protem complexes 
of the insect cuticle were described by R H Hack- 
man and mzerest was aroused m the nature of their 
strong bonding to chitin and qumones The isolation 
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of nucleoprotems and labile plant vnuses fiom leaves 
and their susceptibility to degradation by salt were 
discussed by J W Lyttleton 

The chemistry of thiols and disulphides is a 
promment feature of protem chemistry and was 
exhaustively discussed S J Leach and J M Swan 
described the important analytical advances made 
in this field with the aid of the polarograph and the 
preparative applications of sulphite m the presence 
of an oxidizing agent, such as cupric ions The 
various methods of splitting disulphide bonds and 
their application m the extraction of soluble proteins 
from wool were discussed by J M Gullespre, I J 
O'Donnell and E O P Thompson, and H Lmdley 
reported on the varying reactivity of the disulphide 
bonds of insulm J M Creeth and D J Winzor were 
concerned with the specificity of the reaction of 
iodine with the sulphydryl groups of ovalbumin, 
while the important 10le of thiols m disulphide inter- 
change reactions was clearly apparent in the experi- 
ments of F J R Hird, R Frater and J R Yates 
on the nature of cohesrve forces m dough Disulphide 
interchange was also responsible for the mbhibition 
of several —SH enzymes by ‘sulphanilamide dı- 
sulphides’ in an mvestigation reported by E Boer: 
and L Brighenti 

The physico-chemical characterization of protems 
isolated from naturally oceurring mixtures was 
covered m a further series of papers The aggregation 
and disaggregation of soluble protems and the changes 
induced durmg denaturation figured prommently in 
the discussions of papers presented by J M Creeth 
and L W Nicol on urease, by B S Harrap, I J 
O'Donnell and E F Woods on soluble wool protems 
and by H A McKenzie on various enzymes and 
globular protems The various techniques used to 
follow conformation changes were critically exammed 
and ıt became clear that the behaviour of a particular 
protem m any given system was not necessarily 
mdicative of the behaviour of othe: protems m the 
same system The surface denaturation of protems 
was discussed by F MacRitchie and the application 
of the spread monolayer techniques to a comparison 
of the surface chemical properties of various cereal 
protems was described by N W Tschoegl The 
preparative appheations of electrophoresis were 
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ELECTRONICS 


HE fourteenth Exhibition of Electronice Devices, 
orgamzed by the Northern Division of the 
Institution of Electronics, was held at the Manchester 
College of Science and Technology durmg July 9-15 
This annual exhibition 18 now well established and 1t 
provides an opportunity for new electronic apparatus 
to be demonstrated m rather less crowded conditions 
than obtam at the Physical Society Exhibition held 
m London durmg January 
A lecture programme was associated with the 
exhibition and, as is to be expected, a substantial 
-part of this programme was devoted to transistor 
techniques However, topics of general scientific 
interest were by no means excluded, and lectures on 
the argon chromatograph, on photographie denstto- 
metry and on the use of X-rays for micro-analysis 
were well attended 
The exhibition was divided into a manufacturers’ 
section and a research section, the research exhibits 
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illustiated by the work of J F O'Dea on the isolation 
of components of serum while P R Carnegie and 
R L M Synge described the electrophoretic be- 
haviour of cupric complexes of oligopeptides and a 
possible method for selectively isolatmg dipeptides 
from mixtures of peptides 

Chromatography as an aid in the purification of 
protems was introduced by A G M Marr, who 
deseribed the fractionation of serum protems on 
‘DEAE-cellulose’ D H Simmonds has applied this 
technique very successfully to the water-soluble 
flour protems and he also reported amino-acid 
analyses of the various fractions using ion-exchange 
chromatography with an automatic recording appar- 
atus capable of handling eight 10n-exchange columns 
eluted simultaneously. The continued interest of 
chemists in the quantitative analysis of protem con- 
stituents was evident m this paper and that of 
J H Bradbury on an alternative method requumg 
paper chromatography of dimitrophenyl ammo-acids 
This method was particularly applicable to the 
estimation of amide groups 

G Coleman and W H Elhot deseribed their work 
on the synthesis of «-amylase by Bacillus subtilis and 
C J Shepherd discussed the effect of mhuibitors of 
protein synthesis in Aspergillus nedulans 

A feature of the symposium was a lecture by 
Dr R L M Synge on ‘Naturally Occurrmg Peptides 
and Ther Biologieal Significance’? Although the 
search for naturally occurrmg peptides has not been 
intensive ıt was apparent from the stimulating survey 
by Dr Synge that many unusual types of small 
peptide are already known He went on to stiess 
the necessity for quantitative data m the study 
of protem synthesis and expressed concern at the 
lack of experimental documentation for many of the 
generalizations by biochemusts regarding the syn- 
thesis of protems A spirited discussion ensued and 
was contmued m a subsequent session on protem 
synthesis 

Participants in the symposium were fortunate in 
having a range of papers presented covermg most of 
the rapidly growing areas of investigalion m the 
proten field and ıt may be hoped that similar 
conferences will be held in the future 

E OP Tompson 


EXHIBITION 


formmg much the smaller part of the whole A 
relatively small number of research exhibits, especially 
from universities, has also been evident at the 
Physical Society Exhibition Although research 
exhibits are of considerable general mterest, and of 
special interest to those working 1 related fields, 15 18 
probable that for scientific workers as a whole the 
more important function of an exhibition of this type 
18 to show instruments that are currently available 
In the manufacturers’ section this year’s exhibrtion 
was notable for the extent of the exhibits of the 
various electronic agencies These agencies handle 
the products of a number of manufacturers and they 
hold stocks of instruments and components In the 
case of one agency the display occupied a whole 
room and included examples of the products of some 
sixty manufacturers 

Included ın the new equipment on show were 
examples of ‘second generation’ oscilloscopes Until 
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very recently, British manufacturers have been 
unable to offer high-performance oscilloscopes havimg 
trace brightness and amplifier band-width suitable 
for the display of single-pulses having fractional 
microsecond duration This has meant that workers 
ın such fields as nuclear physics and high-speed 
computmg have either obtamed equipment from 
North America or have constructed their own display 
systems New types of oscilloscopes are now available 
from Messrs Cossors, EMI, Marcon. Instruments 
and Solartron The cathode-ray tubes are mostly of 
the post-deflexion acceleration type and run at 
voltages of 6-10 kV., amplifier band-widths are 
10-20 Me /s, and the deflexion sensitivity at full 
gain 1s about 100 mV per em This specification 1s 
adequate for all but the fastest applications, and for 
these, two manufacturers are offering oscilloscopes 
with distributed amplifiers having a band-width from 
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de to 40 Me /s Messrs Cossor and Heathkit showed 
kits of parts that can be assembled to make items 
of test gear such as valve-voltmeters and simple 
oscilloscopes The kits normally employ prmted 
circuits, which simplify the wirmg, and can be 
assembled with semi-skilled labour A wide variety of 
silicon devices are now available, and Messrs Ferranti 
showed a range of silicon photo-voltaic cells, these 
have a response time in the microsecond region and 
have applications m equipments using modulated 
light The new cells have a high conversion efficiency 
and in the larger sizes can be used as solar cells to 
provide electrical energy from sunlight 

This annual exhibition continues to be well attended 
and it provides an opportunity for scientific workers 
m the north-west of Britain to keep abreast of 
current electronic equipment and components 

V H ATTREE 
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UNITED KINGDOM CIVIL SERVICE COMMISSION 


HE mninety-third annual report of the Civil 

Service Commissioners, covering the year April 1, 
19058-March 31, 1959, records an merease in the 
number of candidates successful in open competition 
from 13,057 to 14,616, but for the admmnustrative 
class the number of successful candidates decreased 
from 39 to 37, though well above the 1956-57 figures, 
and some departments were short of recruits, although 
the number of unfilled vacancies is not large (Report 
of Her Majesty’s Civil Service Commussioners for 
the period Ist April, 1958 to 31st March, 1959 Pp 
36 (London HM Stationery Office, 1959) 2s 6d 
net) 

The Commissioners are contmumg their efforts to 
attract & larger number of good candidates from the 
universities Candidates ın the limited competition 
for the administrative class further decreased m 
number Recruitment to the semor branch of the 
foreign service was also disappoimting, and the short- 
age of candidates for the statistician class persists 
Less than 50 per cent of the declared vacancies as 
patent exammer have been filled and there was again 
a shortage of good candidates for scientific officer, 
engineermg and draughtsmen posts, and many 
vacancies remain unfilled, particularly through a 


dearth of physicists Grave shortages remam in the 
telecommunieations and other electronic fields , how- 
ever, there was & small merease im the number of 
candidates in the senior scientific officer competition 
and most of the vacancies which had been notified 
were filled. 

Applications m the assistant experimental officer] 
expermental officer competition remamed remark- 
ably steady and generally sufficient candidates were 
successful to meet departmental needs The supply 
of biologists again exceeded the limited demand The 
research fellowship competition eontinued to attract 
mterest from workers in all fields of reseaich, and 
thirteen candidates were offered the award There is 
some evidence that ıt 1s becommg harder to attract 
good appheants for junior fellowships 

Results of interviews m Ottawa and Washington m 
April 1958 to select applications for research fellow- 
ships and scientific officer posts were less satisfactory 
than originally appeared likely, and in the event 
only one candidate joined the Service as Research 
Fellow and one as a semor scientific officer, although 
some well-qualified men appear to have been stimu- 
lated to return to Great Britam in the universities 
or m mdustry 


EUROPEAN NUCLEAR ENERGY RESEARCH 


HE seventh annual report of the Netherlands'— 

Norwegian Joint Establishment for Nuclear 
Energy Research*, describing the work of the Estab- 
lishment durmg the period July 1, 1957—June 30, 1958, 
mentions that the research reactor, Jeep, was m 
almost contanuous operation at 450 kW durmg the 
year, with a total release of heat of 105 6 MW days, 
but that the corrosive effects of the heavy water have 
grown worse and a minor leakage of heavy water 
occurred during April The completion of the Halden 
boihng water reactor, which is an Instrtutt for 
Atomenergi project and which is situated inside a 
rock excavation near the paper pulp factory, Saug- 


* Seventh Annual Report, July 1057-June 1058, of the Netherlands’- 
Norwegian Joint Establishment for Nuclear Energy Research Pp 32 
(Kjeller near Lillestram Netherlands’-Norwegian Joint Establish- 
ment for Nuclear Energy Research, 1959 ) 


brugsforeningen, will be delayed by about a year 
because of construction and design problems The 
reactor tank was completed during the spring of 
1958 The necessary amount of heavy water which 
was purchased from the United States of America 1s 
now stored at Halden, and part of the uranium 
ordered from Great Britain has been delivered An 
agreement between Norway, Denmark, Sweden, 
Austria, Gieat Britam, Switzerland and Euratom, 
on the jomt operation of the 1eactor, was signed by 
representatives on June 11, 1958 

Because of the higher demand for radioisotopes, 
and technical improvements m the production 
system, the number of isotope deliveries from Kjeller 
to customers outside the Establishment increased by 
33 per cent over the previous year The deliveries 
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were mainly to the Scandinavian countries Detailed 
information about the type of isotopes produced and 
thew distribution 1s given m the report Separate 
sections deal with the activities of the Chemistry, 
Metallurgy, Reactor Engmeormg, Physics and Health 
Physies Divisions The chemical analysis of uranium 
and D,O is now carried out on a routine basis and 
the spectiographical methods used for impurity 
control of medical isotope products and the determ- 
mation of plutonium have been improved The mam 
task of the metallurgical group has been the pro- 
duction of UO, pellets, and m addition to consider- 
able computational work and experimental tests 
connected with the Halden boiling water reactor 
project, the Physics Drvision has obtamed new 
neutron diffraction data on U,O, and U,O, The 
Health Physics Division is responsible enter alia for 
the daily radiation monitormg m the laboratories; 
the radiochemical analysis of biological specimens , 
and the general medical check-up of personnel Of 
the 191 persons controlled by the Division durmg 
the year, only one received a radiation dose exceeding 
5 rems 
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The Netheilands-Norwegian Reactor School was 
officially opened on April 12, and the first nme weeks 
standard course commenced on April 14 with twenty- 
eight students fifteen from Holland, eleven from 
Norway and two from Switzerland The construction 
of the new isotope buildmg was started m January, 
and of an office building to house the ship propulsion 
group and the Engmeermg Division m April As m 
former years, the Establishment benefited from the 
exchange of scientists with simular institutions in 
other countries Seven guest scientists worked at 
the Jomt Establishment for Nuclear Energy Research 
for the whole or part of the period under review 
The two sponsoring organizations of the Establish- 
ment, the Reactor Centrum Nederland and the 
Institutt for Atomenerg:, took part m international 
co-operation in the field of atomic energy, m par- 
ticular, in the European Atomic Energy Society, the 
Organization for European Economie Co-operation, 
and the International Atomic Energy Agency 
Summaries of the main activities of the two organ- 
izations are given m the appendixes to the annual 
report 


THE FRANKLIN INSTITUTE 


HE Board of Managers of the Franklin Institute 

in presenting their annual report for 1958 
(Journal of the Franklin Instetute, 267, 317, April 
1959) express thew gratification at the progress 
during the year in all the Institute’s programmes of 
service to science, but pomt out that without increased 
funds the Institute cannot expand and may not be 
able to maintain its present activities In addition 
to the Franklin Institute Laboratories and the 
Computing Center, both located in Philadelphia, the 
Institute owns and operates the Bartol Research 


Foundation in Swathmore, Pennsylvania, and is- 


trustee for the Biochemical Research Foundation m 
Newark, Delaware The Institute conducts basic 
and applied research on a contract basis for govern- 
ment, mdustry and private concerns, and the Com- 
putmg Center co-operates with the Laboratories 
which carry out projects under contract m the fields 
of engineering and the physical sciences The Bartol 
Foundation 1s concerned with the study of fundamen- 
tals ın physics, low-energy exploration and cosmic 
phenomena, and the Biochemical Foundation with 
cancer research 

It was to be expected that public interest in the 
activities of the International Geophysical Year, and 
in rockets, satellites and space travel, would largely 
colour the work of the Education and other divisions 
of the Institute durmg 1958 Of the twenty-one 
lectures presented at the Institute meetings during 
the year, eight were on subjects related to the space 
age, the exhibit, “Progress of Time", contributed 
to the Institute’s Science Museum by the Hamilton 
Watch Co , included the Mars Space Clock, and other 
loan exhibits showed the successful launching of the 
Explorer rocket, the Vanguard satellite, and the 
Proneer lunar probe, new presentations in the 
Planetarium were “The American Satellite’ and 
“Astronomy in History", and the staff of the Plane- 
tarium were responsible for the operation of the 
Institute’s Moonwatch Station , and the series of ten 
semi-technical lectures on astronauties sponsored by 


the Astronomy Department weie pubhshed in 
December as Monograph No 6 entitled “Ten Steps 
mto Space" 

The Library of the Institute, which began as & 
small collection m 1824, now comprises 162,054 
volumes, of which 3,054 were acquired during 1958-— 
986 by purchase, 544 by gift and 1,524 by binding 
New accessions included eighteen Russian periodicals, 
four in translated English editions, and a remarkable 
set of the owners’ file copies of records and correspon- 
dence of the Penang Sugar Estates Co (British 
Malaya), comprismg twenty-three handwritten 
volumes of the work of the Company during 1876-97 
A symposium on ‘Thermoelectric Effects" was held 
on September 8, primarily foi research workers m 
this specialized field, and an all-day symposium on 
“Odour” on October 21 durmg the “Cleaner Aur 
Week” in Philadelphia Three new titles were 
added to the series of monographs published under 
the auspices of the Journal ‘‘Particulate Emission”, 
“The Airways Modernization Board—Its Mission 
and Methods” and “Ten Steps into Space" mentioned 
above 

Details are given in the illustrated report of the 
long-range research programmes and new develop- 
ments of the separate research organizations These 
melude air-pollutaon research , thermoelectricity and 
semiconductors, electron mucroscope studies of 
dislocations m metals and zone refining of reactrve 
metals, the physics of polymers, and flow loops in 
nuclear engineering A novel etchmg technique 
has been developed for studying dislocation loops 
generated ın metals under stress and thew motion 
and growth in zinc have been filmed (Journal of 
the Franklin Institute, 267, 335, 1959) A simple 
sonic-vibration method for the early detection of 
glaucoma has been demonstrated and an all.transis- 
torized sensitive cane for use by the blind has been 
successfully tested The report concludes with brief 
details of the finances of the Institute, the membership 
and staff 
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ECONOMIC DEVELOPMENTS IN THE MIDDLE EAST 


r a report dealing with developments for the year 
1957-58, published by the United Nations as a 
supplement to the world economic survey of 1958, 
there ıs included a useful survey of agricultural pro- 
duetion and development, mdustry, petroleum pro- 
duction, and foreign trade m the several main 
countries mcluded im this politically highly sensitive 
world region (Iran, Iraq, Israel, Jordan, Lebanon, 
Saudi Arabia, Sudan and Turkey) About one half of 
the text deals with factual summaries, and about 
one half gives statistical tables (Economic Develop- 
ments in the Middle East, 1957-1958 (Supplement 
to World Economic Survey, 1958) Pp vm--104 
(New York United Nations, London HM 
Stationery Office, 1959) 125 dollars, 9s , 5 Swiss 
francs) 

The mformaiion given regarding the key product, 
ou, has special mterest The rapid recovery and 
expansion of this industry durmg 1957 (after the 
declme ın production as a result of the Suez crisis) 1s 
remarkable In 1957 there was an increase over 1956 
of only 8 7 per cent, but this advanced by a further 
inorease of 20 7 per centin 1958 The total production 
of the Middle East as a share m world production 
rose to 23 6 per cent m 1958 as compared with 20 per 
cent ij 1957 The mam contributors to the large 
rise m oi production were Iran and Kuwait, but 
though producmg relatively small quantities, other 
countries have been expandmg their output at a 
high rate, and a new entrant was Syria where, in 
the north-east of the country, a field was discovered 
ın 1958 estimated to have an output capacity of 
about 2 millon tons Agricultural production m 
the same year shows continued expansion at the rate 


of about 3 per cent per annum, both in food pro- 
duction and in the output of mdustrial cash crops 
on which the several countries depend as a major 
source of foreign exchange It 1s significant that the 
rate of growth in both exceeded the growth of popula- 
tion A continued shift in the pattern of production 
towards industrial cash crops and greater use of 
fertilizers and agricultural machinery helped to mam- 
tam the rate of agricultural output, but the uncer- 
tamty of climatic conditions caused wide fluctuations 
Apart from the physical difficulties affectmg pro- 
duction withm the region, two comprehensive pro- 
grammes of agrarian reform were started in the 
Syrian region and in Iraq late m 1958, and the 
social change and redistribution of income that these 
are hkely to produce will very probably have a strong 
ımpact on the shape of future economie development 
From these economic changes within, there emerges 
a picture of foreign trade and payments showmg 
much variation, and with mteresting evidence of 
change m operation leadmg to shifts m the geo- 
graphical direction of trade, particularly of the cotton 
exporting countries , thus the United Arab Republic 
and Sudan moved away from Western Europe and 
the United States toward the USSR, Eastern 
Europe and the Far East lran, Jordan, Turkey 
and Israel, on the other hand, maintained ther high 
share of tiade with the United States and Western 
Europe, although an inereasmg proportion of the 
exports of Ig ael and Turkey went to eastern European 
countries m 1957 and 1958 Oil exports show a sig- 
nifieant merease m their share to Asia and the Far 
East, though the dominant traditional markets m 
Western Europe are maintained ALICE GARNETT 


THE NATURE OF POLISHED METAL SURFACES 


OOKE, Newton and Herschel all held that the 
asperitios m a roughly ground surface are cut 
away during polishing, leaving a series of fine grooves , 
the finer the polish tho finer these grooves or 
‘scratches’, Rayleigh agreed that the asperities are 
worn down but thought that the materialis removed 
m an almost molecular fashion In 1921 Beuby 
advanced the radical view that, mstead of the 
asperities bemg worn away, the depressions imm the 
surface are filled m by material which is smeared 
across the surface, covermg ib with a layer which he 
thought was glass-hike or amorphous in character 
This has come to be known as the 'Beuby layer’ 
The idea of the layer bemg truly amorphous has been. 
modified slightly ın more recent times, but the basic 
concept of a layer which is physically distinct from 
the substrate and which has lost rts obvious crystal- 
Ime properties 18 still retained 
Beilby did not propose any specific smearmg 
mechanism, although he inferred that surface tension 
forces were responsible A most plausible mechanism 
was afterwards advanced by Bowden and Hughes 
which was based on observations that very high local 
tefnperatures can be attamed when two solids rub 


past one anothe: They suggested that asperities in 
the surface are melted when abrasrve particles rub 
across them, the liquid so formed deposrtmg m and 
filling adjoming depressions It was further proposed 
that, due to very rapid chilling, this molten matenal 
solidifies m an amorphous-like condition 

A paper by L E Samuels reviews work carried 
out at the New South Wales Branch of Defence 
Standards Laboratories which strongly supports the 
earher view that polishing 1s essentially a fine cutting 
process, and 1s believed to establish with ieasonable 
certainty that the Beilby layer does not exist 

The new theory is that metallographic polishing 
occurs primarily by cuttmg, the individual abrasive 
particles acting in a similar manner to a planing 
tool Material 1s removed and scratches are pro- 
duced, the better the polish the finer the scratches 
The surface 1s erystallme but deformed, the magni- 
tude of the deformation decreasmg with imcreasing 
fineness of polish to a surprisingly low level in the 
case of the finest polishes Moreover, the deformation 
decreases rapidly with depth so that comparatively 
perfect material is exposed by a very light etch 
(Austral J Se, 21, 6, 1959) 
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EEL MIGRATION 


T seems probable that many of the difficulties that 

have undermmed Dr Tucker’s belief! m the 
abihty of European eels to return to the Sargasso 
Sea would have disappeared if he had compared the 
European eel with the Atlantic salmon, the return 
of which to spawn afte: a migration of comparable 
difficulty 1s more 1eadüy demonstrable 

Salmon, both Atlantic and Paerfie, migrate to feed 
m the sea: here they may stay for one and a half 
to four or more years This active feeding period is 
followed by a spawnmg migration durmg most of 
which the animal does not feed Fasting begins as 
the salmon neais fresh-water, the subsequent 
migrations upstream, often carried out under difficult 
physical conditions, aie very fatiguing and call for a 
considerable expenditure of energy Yet, after a 
mugratory fast lasting up to a year, millions of salmon 
survive to partake m most energetic spawnimg 
activities In fact, about 5 per cent return to spawn 
again, and a small proportion may spawn three times 

Eels spend most of their lives feeding in fresh- 
water 'This feeding period of from six to twenty-five 
years duration is as clearly prelummary to spawnmg 
migration as are the years spent by the salmon m 
the sea I donot agree with Dr Tucker that European 
sive. eels are starvmg and debilitated the many 
thousands that I have handled have been vigorous, 
extremely energetic and m good condition It is of 
raterest that eel-dealers store living eels for long 
periods, yet these eels are in the end still fat enough 
to be sold as ghly nutritious food 

On their 3,500-mile spawning journey, eels have to 
eontend only with slow-moving ocean currents, not 
to be compared with the fast-flowmg streams encount- 
ered by salmon If eels travel at a modest 40 miles 
a day, the journey need take only thirteen weeks— 
not a long fast compared with that of many salmon 

Dr Tucker claims that American eels, because of 
their larger size and apparently Juvenile sex condition, 
are better suited than European eels for ther spawn- 
ing migration But size 1s not a criterion of condition , 
salmon, rangmg from 34 lb to more than 60 Ib, 
complete ther spawnmg migration successfully ; 
many reach the rivers of Britain in an advanced stage 
of sexual maturity, fast, and survive to spawn 
Recent examimations of the state of the gonads m 
large samples of eels have convinced me that the 
European silver eel 1s not “already well advanced 
towards bemg a reproductive oceamic fish" The 
gonads of silver eels are not m an advanced stage of 
development Many silver eels migrate when ther 
gonads are scarcely more advanced than those of 
yellow eels In fact, the gonads of the silver eels are 
m about the same developmental stage as those of 
female salmon smolts and unspawned male smolts 

One of the most strongly emphasized pomts m Dr 
Tucker’s argument is that Huropean silver eels are 
rarely caught at sea But neither apparently are 
American eels Nor 18 ıt surprising that eels at sea 
are elusrve They do not feed and so cannot be caught 
on long-hnes, nor are they likely to stay captive in 
any normal deep-sea trawl It ıs no cause for 
astonishment that eels are not caught m the Straits 
of Gibraltar, for no commercial fishing gear in use 
there can be expected to catch eels Salmon are 


rmely caught off shore, and salmon should be much 
more catchable, for they feed in the sea, they stay 
there much longer and they are not so shaped as to 
make escape from nets easy Yet countless milhons 
reach their spawnmg grounds yearly, though the 
number caught 1n the open sea 1s very small 

Finally, Dr Tucker’s hypothesis iequires that a 
large proportion of the American eel population 1s 
‘lost’? yearly as a reproductive potential, since 
American eels which spawn m the wrong place 
produce progeny which become European eels and 
never succeed m spawnmg If this were a true 
account, there would be intense selection m favour 
of eels which found the ‘right’ spawning ground It 
would be very surprising if natural selection on this 
large scale had failed to elrmmate the European eel 
in a few generations 

J W Jonzs 

Zoology Department, 

University, Liverpool 
+fTucker, D W , Nature, 183, 495 (1959) 


I must emphasize at the outset that Dr Jones’s 
communication, even if ıt were acceptable in ris 
entirety, contams nothing relevant to the funda- 
mental problem of eel navigation and nothing 
which has any bearmg upon my hypothesis that the 
two Atlantic Anguilla phenotypes may be environ- 
mentally differentiated and distributed without 
genetic mtervention For the rest, the difficulties 
which led to a heavily documented paper! are not 
likely to be dispelled by criticism which ignores not 
only literature already cited, some of ıb on two 
oecasionsb?, but also that relevant to iis own sub- 
stantiation Moreover, a recent mdependent review? 
has made such a comparison as Dr Jones demands, 
and without detriment to the new theory of eel 
mugration 

Both the salmon and the eel undergo migrations 
which raise problems of navigation, physical effort, 
condition and osmo-regulation Thereafter the com- 
parison breaks down to such an extent that know- 
ledge of one casts httle light on the ways of the 
other The eal ıs catadromous ; the salmon anadro- 
mous The first migration of the eel 1s as a larva 
passively transported m the surface layers; its 
second as a starving adult travelling in the deeper 
layers and probably by & different return route 
Both of the migrations of the salmon are accom- 
plished as an adult fish, travellmg im substantially 
the same water-masses along the same routes and 
actively feeding until the final return to fresh-water 
Eels are m peak condition shortly before the com- 
mencement of their final Journey ; salmon shortly 
before the end of ıt 

The European eel is, m Dr Jones's view, an ocean 
traveller, accomplishing a long journey of at least 
3,500 miles for the south-west European stocks and 
at most 5,000-6,000 miles for the White and Black 
Sea stocks The longest recorded journey for an 
Atlantic salmon is 1,730 miles ın 328 days‘, charac- 
teristically, rts migrations are much shorter—a few 
hundred miles along the coast or to and from feeding- 
grounds off the shelf—and femly easily explamed by 
internal changes in the osmo-regulatory mechanism 
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which prompt it to seek salt or fiesh water and by a 
proved propensity to wander along the coast until 1b 
smells the outfall of its native stream However 
arduous tho last stage of the journey of the salmon 
up-river, 15 can and does alternate activity and iesb 
and make use of slack water and pools for the latter 
purpose, for the eel m an opposmg ocean current 
no such respite i$ possible without losmg ground 

Segregation of breeding stocks of salmon provides 
excellent opportunities for adaptrve vanation and 
variation of inherited behaviour-patterns through 
genetic isolation , m the eel nothing of the lund is 
possible 

Given this summary of the habits of the two 
fishes, which further have very different patterns of 
locomotion and are widely unrelated, I see very httle 
ground for generalization from one to the other , the 
analogy 1s rejected with good reason, but Dr Jones 
should not assume that 16 was ignored 

Salmon survival for subsequent spawnings is due 
in part to the faet that degenerative changes m the 
gut are confined to the mucosa, which 1s renewed in 
kelts that recover*, in the eel the changes are pro- 
found and lead ultimately to complete destruction of 
the gut^* The personal findings of Dr Jones, like 
those of Prof D'Ancona previously dealt with?, do 
not affect the evidence that the gut of the European 
eel is self-destroyed before the fish ıs more than a 
few hundred mules offshore 

Here a new pomt may be mtroduced Experi- 
mental work on the eel has shown that m the sea 1b 
contrives to maintain effectively the internal environ- 
ment of the freshwater fish It does this by swallowing 
sea water, absorbing water and salis through the 
intestine, excreting an isotonie urme and discharging 
surplus chlorides through the secretory cells on the 
gills? In European eels, once degeneration of the 
gut has proceeded merely far enough to impair the 
absorptive function, this mechanism can no longer 
operate, osmo-regulation must then depend wholly 
upon the relative rmpermeability of the body mucus 
and upon compensating hberation of water through 
breakdown of stored lrpo-protems ^ Faure of the 
whole apparatus would lead to rapid exsiceation and 
death Experimentally mduced failure, by preventing 
eels from swallowing sea water, does in fact produce 
an 11-14 per cent loss m weight and death within 
3-4 days? This srtuation, even more than the likely 
inadequacy of the food reserves to provide for loco- 
motion, physiological work (for example, m chloride 
secretion) and gonad maturation, could account for the 
failure even of Mediterranean eels to reach apparently 
suitable breeding-grounds in that sea (post) 

I am not subdued by Dr Jones’s experience with 
thousands of eels The great curse of the voluminous 
work upon eels, upon the Salmomdae and upon 
sundry other animals, bas been that too much of 
ib has been mechanical and repetitive, replete with 
experrments ununtelhgently planned and mountains 
of data adequately pondered, parochial alike m 
the range of its geographical experience and m its 
isolation from relevant hterature from alien countries 
and related disc:plines 

The physiology of the eel is not “clearly pre- 
hmmary to spawning migration’, i6 could be, and 
I think is, atavistie and doomed to fruitless failure 
We have no right to assume climax as normality in 
any incomplete behaviour-pattern or physiological 
process when climax has never been observed and no 
unequivocal circumstantial evidence of chmax is 
available 
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I agree that a ‘stored’ silver eel may well 1etam its 
condition like any other relatively quiescent animal ; 
mugratmg eels, however, lose up to 20 per cent of 
them weight before they leave the Baltic? (reserve fat 
amounts to about 25 per cent) and this over periods 
gieatly m excess of that shown to be necessary for 
the mitial osmotic adjustment? ^ Either the food 
reserves are bemg rapidly used up, or there is a loss 
of water showing that the osmo-regulato: y mechanism 
18 already breakmg down under the quite low salinities 
of the Baltic 

Dr Jones suggests a hypothetical “modest 40 miles 
a day” over thirteen weeks for the eel migration 
Norwegian work? summarized by Menzies" has shown 
that, of 598 long-distance Journeys by marked and 
recovered salmon, 569 were accomplished at 5-26 
mules a day and only twenty-nme at higher speeds 
up to 62 miles a day Speeds for Baltic eels marked 
on a comparable scale? (the work was cited pre- 
viously) are m general between 5 and 10 miles a day , 
the record 1s 32 5 miles a day sustamed over a mere 
two days 

Comparative data for condition of American and 
Ewopean eels are hard to come by Vladykov"! gives 
411 gm for the mean weight of Quebec bionze eels 
of 61 cm, compared with Frost’s 425 and 414 gm 
for 61 cm? Windermere yellow and silver eols, 
respectively The superficial agreement does not 
allow for the fact that the American eels crted are at 
an earher and probably much younger stage, nor 
deny that the average weight of migrating American 
females is four times greater than that of the Euro. 
pean, that ther maximum sizes and weights aro 
gieater and ther potential journey much shorter I 
do not thnk we can avoid the conclusion that the 
American eels are better prepared Dr Jones’s 
citation of the range of weights of salmon grilse is 
meaningless without an indication of the success- 
rates at different sizes and of the conditions overcome, 
Such data as are available for the migration speeds 
of the outward-bound salmon smolt!* show that these 
are much slower than those of the larger returning 
grise Further, maxmmum velocity m fishes ıs a 
function of length and frequency of tail-beat , though 
the latter does fall with moreasmg size, larger m- 
dividuals are faster swimmers!4 

My paper! mentioned merely “perceptible enlarge- 
ment of the gonads”, a statement m agreement with 
Dr Jones’s findings It then proceeded clearly to 
specify those characters of migration livery and 
bathypelagic adaptation m which, by comparison 
with the American eel, the European may be regarded 
as advanced. 

A surprising variety of fishes, meluding other 
Apodes, have been taken in deep-sea trawls by 
scientific expeditions , I have before me 29 Synapho- 
branchus from a single haul of an Agassiz trawl at 
1,300 metres There are at least 108 cases of records, 
with Scottish mterest alone, of salmon taken at sea, 
82 by trawls and various nets! Salmon are surely 
less numerous than eels , being capable of a maximum 
velocity of 10 mph for short periods!*, compared 
with the eel's peak 2 6 mph, they should have 
greater chances of avoiding nets and not less The 
infrequeney of capture of eels im European seas 
remams significant Non-capture of American eels 18 
agreed , there 1s, however, no convergence of essential 
migration routes and mtensive trawling comparable 
to that of north-west Europe. I did not write of 
“commercial fishing gear” m the Strait of Gibraltar 
but of an “intensive study”, still more explieitly, 
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scientific investigations by Danish, French and 
Monagasque expeditions 

Evolution by natural selection of a population 
which chose the ‘nght’ spawning-ground would be 
conceivable enough m the case of, say, salmon m 
polluted and unpolluted trbutaries of the Welsh 
Dee The case of the eel is not so simple The Atlantic 
Anguilla forms are beheved to be environmentally 
differentiated by differences m the temperature 
stratification! and are certamly differently distributed 
by the various movements of the surface layers of 
the Sargasso between lat 20° and 30° N In the 
underlying deep waters m which the eels breed, the 
temperature and salinity conditions at a given depth 
are relatively uniform over a wide area, 1b 1s there- 
fore unhkely that any sensory discrumination could 
pick a ‘night’ spawning-ground directly related to a 
‘night’ surfacmg-area Selection m relation to travel- 
ling and ripening times could not have any genetic 
effect owmg to the failure of the cwrent-system to 
return the larve precisely to the parental starting 
pomts along the American coast While the new 
hypothesis may seem more spectacular, 16 1s statistic- 
ally no more remarkable than the noimally high 
infantile mortality-rate accepted m marme animals, 
the survival-rate is still sufficient to mamtam the 
population Parallel cases of expatriated populations 
failmg to breed are the British Octopus vulgaris, the 
Norwegian Palnurus  elephas?? and the Lagos 
Branchiostoma mgeriense®, all of which are mam- 
tamed by mmmugrations of larvæ bred elsewhere and 
80 represent sumiar cases of wasted reproductive 
potential 

There is likewise no ground for belief m selection 
producing genetic restriction of the eco-phenotypic 
variability potential of the Atlantic Anguilla, that 
18, elimmatmg the phenotypes with 110-119 vertebra 
as such, as opposed merely to those going to Europe 

Some further evidence in favour of the new hypo- 
thesis 18 now briefly noted 

Possible parallel cases Bruun*! has commented on 
the hitherto unexplamed come:dence that, of four 
pairs of Atlantic apodal ‘species’, having distributions 
roughly similar to those of the two types of Anguilla 
larve and, moreover, larve which can be taken “at 
the same place and same depth withm a certain area 
of the Sargasso Sea”, the American ‘species’ of each 
pair has the lower number of vertebre (Table 1) 
This situation may well be due to a common eco- 
phenotypy rather than to comeident genetic effects 
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Table 1 NUMBERS OF VERTEBRA OR MYOMERES IN SOME NORTH 
ATLANTIC EELS, MAINLY AFTER BRUGN (REF 21) 
East Atlantic West Atlantic 

Anguilla anguilla 110-119 — 
Annina rostrata iios 103-111 

'onger conger — — 
Conger pile — 140-149 
Synaphobranchus kaupt 143-154 — 
Synaphobranchus wfernahs — 131-140 
Leptocephalus euryurus 111-119 — 
Leptocephalus simis — 104-113 





Likewise, Tambs-Lyche*, supportmg the new 
hypothesis, has suggested that there 1s a similar 
pseudo-speciation in the Atlantic Paralepid fishes 
(order Iniom1) 

Extended pelagic phases ‘European’ eel larve grow 
to a greater length and unmetamorphosed age than 
the ‘American’ and are, on the new hypothesis, 
regarded as an extended pelagic phase of one species 
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Parallel cases of facultative prolongation of larval or 
Juvenile life m marme animals under conditions un- 
favourable to metamorphosis occur m the surgeon- 
fish Acanthurus hepatus? , the frogfishes Antennarius 
spp **, the Macrotritopus larve of the benthic 
octopus Scaeurgus wunacwrhus?5 , and m numerous 
Decapod Crustacea?* 

Selection of breedang-grounds by Anguilla and Conger 
On the old hypothesis, Anguilla anguilla and A 
rostrata were separate species with distinct breeding- 
grounds in the Sargasso Sea The American A 
rostrata and Conger oceanwcus shared a common 
breeding-ground The European C conger shared 
the only breedmg-ground of A anguilla, but also 
used other breeding-grounds between Gibraltar and 
the Azores and mside the Mediterranean? 

I have already noted the fact that A anguilla does 
not breed in apparently suitable areas much neater 
Europe than the Sargasso! The paradox raised 
on hydrological considerations 1s now reinforced by 
Conger conger acting as a biological mdicator We 
may conclude that the ‘European’ eel 1s not breedmg 
in the Sargasso, any more than ıt ıs in the Medi. 
terranean or Eastern Atlantic 

Location of the Anguilla rostrata breeding-ground I 
previously suggested that the A rostrata breedmg- | 
ground had been placed too far west! In support of 
this contention, be 1t noted that, until 1920, catches 
of A rostrata larve from all sources totalled only 34 
specimens*® In 1920 the Dana took a further 1,000 
specimens ; because, however, her track out of Porto 
Rico towards New York?* followed the north-east 
boundary of the 15 mm 4 rostrata contour, it 
follows that data for and withm that contour remam 
thoroughly madequate The probable breedmg- 
ground between c lat 20-22? N, long 50~-60° W 
has not been investigated at the proper season 
Material of the other American Apodes cited above 1s 
likewise scanty by comparison with the European®t.2? 

Denys W TUCKER 
Department of Zoology, 
British Museum (Natural History), 
London, SW 7 
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MECHANISM OF ANIMAL JOINTS | 


Sponge-hydrostatic and Weeping Bearings 


NIMAL joints are very efficient pivots Charn- 
ley! gives 0 01-0 02 as the friction coefficient 
of a human ankle jomt and shows that this low 
friction. does not result from hydrodynamic lubrica- 
tion He points out that ordinary boundary (thm- 
film) lubrication would produce five or ten times the 
observed friction and suggests that Nature may have 
discovered, in its combination of cartilage and 
synovial fluid, a system which is very shppery even 
under conditions of boundary lubrication The 
purpose of this communication is to propose an 
alternative system, which is, m fact, an example of a 
new and interesting class of bearmgs The principle 
18 illustrated by the experiments to be described 
A piece of closed-cell sponge rubber (cell size 
07 mm and less) had one of its umpervious cover 
sheets cut off to expose the cells This surface, 
lubricated with soapy water, was placed against a 
glass plate with a loading of about 40 Ib /in? The 
friction coefficient was then measured as a function 
of the tıme for which the load had been apphed 
(Fig 1, curve a). The friction coefficient 1s extremely 
low, but rises mn the course of an hour or so If the 
sponge 1s separated from the glass for a few moments 
and then replaced, the friction falls to 1ts mitial low 
value This 1s consistent with the Idea that most of 
the load 1s supported in a frictionless manner by the 
little volumes of liquid trapped m the pores of the 
sponge It is, m fact, a ‘hydrostatic’ bearmg The 
sponge material itself, bemg surrounded by liquid, 1s 
pressed agamst the glass only by iis own stiffness 
This is small enough to produce very little friction 
but still large enough to seal the cells (hydrostatic 
lubrication is not new, but previous arrangements 
have depended upon mechanical design to contam 
the lubricant and upon external pumps to pressurize 
it) The hquid pressure was measured and found to 
be about that required to support the load Observa- 
tion, through the glass, of the working face of the 
sponge clearly showed the water-filled pores The 
movements of a particular volume of water could 
be traced by usmg dye Substantial outward 
seepage of the water had occurred m an hour, which 
seems to explam the observed mcrease m friction 
with time For purposes of comparison a sample of 
sponge rubber with open cells, but otherwise of 
about the same texture, was used This should allow 
much greater seepage of fluid Note (Fig 1, curve b) 
the tremendous increase in the rise of friction 
Lastly, to check the technique of measurmg friction, 
a piece of closed cell sponge was tested with 1ts cover 
sheets mtact (Fig 1, curve c) This shows the high 
value expected for plain rubber once the wrung- 
out of lubricant established boundary lubrication 
conditions 
A difficulty arises 1f one attempts to explam animal 
joint lubrication by this prinerple The animal jomt 
appears to involve two simular surfaces rather than 
a hard, impermeable surface running agamst the 
equivalent of a sponge Two sponges do not run 
very well agamst each other Suppose, however, 
that the sponge has a smooth, porous surface layer 
Because of the porosity, this layer 1s surrounded with 
Iiduid, and so ıs not pressed hard against its mating 


surface _ At the same time it 1s smooth enough not 
to become entangled with the sumilar layer on the 
other surface of the bearmg The effect of porosity 
was demonstrated with closed-cell sponge One of 
the cover sheets, and the underlymg cells, was 
perforated with a sewing needle This porous surface 
was run agamst glass using soapy water lubrication 
and showed much less friction (Fig 1, curve d) than 
the unperforated cover sheet (Fig 1, curve c) 

A true animal jomt model with two simular surfaces 
was much more difficult to mutate It was hard to 
find a porous material which did not have an enormous 
friction coefficient when rubbed against itself I 
found the best material to be sausage casing made 
from sheep mtestme, lubricated with soapy water 
Imitation cartilage was made by stretching this over 
the cut-open face of closed-cell sponge Runnmg 
two ‘cartilages’ agamst each other gave the result 
shown in Fig 2, curve a, where the friction coefficient 
starts low and rises as seepage occurs To check that 
trapped water 1s necessary, open-cell sponge was 
substituted for closed-cell sponge ın the previous 
arrangement (Fig 2, curve b) Easy escape of the 
water quickly raises the friction Finally, the sponges 
were replaced by impervious ‘Neoprene’ sheets 
Fig 2, curve c, suggests that hydrostatic lubrication 
1s occurring This ıs presumably because the sausage 
casing itself contains considerable free water 

It should be poimted out that although the reason- 
ing m this communication arrives at the permeable- 
surface-sponge-backed bearmg as a modification of 
the sponge-type hydrostatic bearmg, 15 could equally 
well be thought of as a bearmg with a thick film of 
lubricant, where ‘weepmg’ through the porous wall 
supphes enough liquid to maintam the film 

‘Weeping bearings give friction coefficients as low 
as those m animal jomts They can be made by 
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using surfaces and lubricants which do not give 
exceptionally low friction under boundary lubrication 
conditions (The animal-derived sausage casing 
used showed entirely ordinary friction coefficionts 
once the excess lubricant had been wrung out) 
Anxmals jomts could operate m this way In the 
followmg communication evidence is presented to 
suggest that they do 
C W McCuTOHEN 
Cavendish Laboratory, 
Cambridge Aug 4 
1 Charnley, J , The New Scventist,6, No 188, 61 (July 9, 1959) 


Experimental Evidence for Weeping 
Lubrication in Mammalian Joints 


From existing reports! xb 18 clear that the structure 
and mechanical properties of articular cartilage are 
just what are requmed for weepmg lubrication to be 
possible Its outer surface is formed by a narrow 
layer of flattened cartilage cells and below this is a 
relatively acellular zone extending for some hundreds 
of microns down to the caleified tissue What cells 
there are m this zone are arranged m columns, well 
separated by wide areas of mtercellular matrix, which 
probably has a structure orientated normal to the 
surface layer Articular cartilage is easily deformed 
by pressure but is very resilient, bemg almost 
perfectly elastic to mtermittent pressures , and 1t has 
been suggested that this elasticity 1s due to exudation 
and re-absorption of fluid? Thus articular cartilage 
appears to resemble a rather stiff sponge, with an 
internal structure which would permit easy expression 
of flud up to a smooth, presumably porous, outer 
surface 

Structural evidence alone 1s madequate, so a few 
sunple experiments have been made on articular 
surfaces from freshly opened joints of & number of 
mammals Thin shavings were analysed for sodium 
and potassrum with a flame photometer. The ratio 
of sodium to potassium found was of the order of 
12-15 on a molar basis, so articular cartilage must 
contain a very high proportion of extracellular fluid, 
as suggested by histological preparations Exudation 
of only & small fraction of this total extracellular 
flud would provide an adequate lubricatmg film 
That the superficial lav r of flattened cartilage cells 
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1s freely permeable to small molecules ıs easily shown 
by dropping aqueous solutions of dyes on to a 
freshly exposed surface Dyes such as eosin, for 
example, rapidly penetrate to a depth of at least a 
hundred microns Furthermore, if excess dye is 
washed off, some of that which has penetrated can 
be re-extracted by pressing filter paper firmly against 
the articular surface The pore size m this super- 
ficial layer 1s probably quite small, since a graphite 
suspension with a particle size of rather less than lp. 
did not appear to penetrate 

If an articular surface which has been well dried 
with filter paper ıs placed agaist a glass slide and 
the point of contact exammed through the glass with 
a microscope, fluid can be seen to exude as pressure 
1s apphed The amount of fluid exuded was estimated 
by placmeg a small piece of filter paper of known area 
on an articular surface and applying pressure for a 
brief period of time (less than a second) The sodium 
content of the filter paper was then measured with 
a flame photometer and the volume of exuded flud 
calculated on the assumption that ıt had the same 
sodium content as extracellular flud Both dry and 
moist filter paper were used with substantially simular 
results When the pressure applied was only sufficient 
to bring the filter paper into mtimate contact with 
the cartilage, the amount of sodium collected was 
insignificant As the pressure was raised, however, 
the amount collected mereased, and for pressures m 
the range to be expected m normal operation of the 
joint the volume of fuid exuded was calculated to 
be sufficient to form a layer 15-354 thick over the 
aroa of contact Between two articulating surfaces 
twice as much fimd should be available, which ought 
to be sufficient for adequate lubrication by the 
mechanism suggested in the previous communication. 

Weeping lubrication could equally well occur where 
tendons change direction (for example, the patella at 
the knee jomt), for the cartilage surface concerned 
appears to have the same properties as that m the 
jomt proper 

One possible disadvantage of weepimg lubrication 
is the occurrence of a slow outward seepage of fluid 
from between the apposed surfaces, which might 
eventually come mto contact Jomts seldom remain 
im a fixed position for very long when they are 
bearmg a load Animals which sleep standing up, 
for example horses, are said always to change ther 
position at least every half an hour, and examples 
are quoted m the previous communication of model 
bearings which retam them low friction for at least 
this length of time The rate of seepage would be 
markedly affected by the microstructure of the artı- 
cular surface, but unfortunately httle 1s known about 
this : 

It has nob proved possible to devise a crucial 
experiment which would prove conclusively whether 
or not ‘weeping’ lubrication is an important factor 
m reduemg joint friction Nevertheless, the evidence 
put forward here strongly suggests that all the 
necessary conditions are present, so it would be 
strange mdeed if this type of lubrication did not in 
fact occur 

P R Lewis 
C W. McCUTOHEN 
Anatomy School and 
Cavendish Laboratory, 
Cambridge Aug 11 
1Bauer, W , Ropes, M, W , and Waine, H , Phystol Rev, 20, 272 
(1940) Gardner, E , Physiol Rev, 80, 127 (1950) * 
?Bennmghoff, A, Z ges Anat (Abt 1), 76, 43 (1925) 
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EXPERIMENTS ON THE DEVELOPMENT OF ISOLATED 
BLASTOMERES OF MOUSE EGGS 


By Dr ANDRZEJ K TARKOWSKI 


Zoological Institute, University of Warsaw, and Mammals Research Institute, 
Polish Academy of Sciences, Bialowieza 


XPERIMENTAL research on the developmental 
potency of blastomeres of mammahan eggs has 

not, so far, advanced beyond the preliminary period 
Nicholas and Hall found that development of 
embryos starts to teke place from both separated 
blastomeres of a 2-cell rat egg These embryos, 
although completely normal in structure, did not, 
however, advance beyond the egg cylinder stage, and 
underwent resorption before the tenth day of develop- 
ment Seidel? succeeded in obtammg two young 
rabbits which had developed from 2-cell eggs in 
which one of the blastomeres had been destroyed by 
piercing ıt with a glass needle, he did not carry out 
any checks of the development durmg pregnancy. 
Apart from a short note by Pineus?, there are no 
reports in the hterature on the development of 
isolated blastomeres before implantation 

The investigations described below were carned 
out on mouse eggs, and were aimed at. (1) traemg 
the entire embryonic development of 'half'-embryos , 
and, on this basis, (2) defining the regulation capaci- 
ties of ‘half’-blastomeres and of the factors on which 
they are dependent Specal attention was devoted 
to the structure of the blastocysts in order to ascertam 
to what extent the mner cell mass and trophoblast 
participate in ther total mass Experiments were 
also carried out on a smaller scale on the development 
of 4-cell eggs of which one or three blastomeres had 
been destroyed 

The blastomeres were destroyed under a dissecting 
rueroscope by pieremg them through the zona 
pellucida with a glass needle fixed to a micro- 
manipulator similar to that described by Goldacre* 
During this operation the eggs were drawn to and 
held agamst the mouth of a mucro-pipette, with an 
outer diameter of about 40u, the suction power of 
which was regulated by means of the rubber bulb 
attached to ıt All manipulations were carried out 
m mouse serum diluted 1 1 with normal saline 
Directly, or a few minutes after pieremg the blasto- 
mere, 16 disintegrated totally or partially Usmg the 
technique previously deseribed5, the eggs were then 
transferred to the oviducts of the recipients, which 
had been mated the previous night with vasectomuzed 
males Anmnals with differing pigmentation were 
used as donors and recipients for the experments, 
which were armed at obtammg embryos from the 
second half of pregnancy or young 

Development before «mplantation A total of about 
100 ‘half’- and ‘three-quarter’-cleavmg eggs and 
blastocysts was obtemed The volume of most 
‘half’- and ‘three-quarter’-blastocysts is similar or 
only slightly smaller than that of normal blastocysts 
(compare Pig 1 with Figs 2 and 4) Some ‘half?- 
blastocysts were, however, encountered lymg loosely 
within the zona pellucida (Fig 3) The volume of 
the inner cell mass of ‘half’-blastocysts, treated as the 


elliptical cap, 18 subject to wide variations, but 1n no 
case does 16 attam the smallest value found in normal 
blastocysts Its average size, as a percentage of the 
size of inner cell mass of normal 34-day blastocysts, 
is 44 5 The volume of the mner cell mass of ‘three- 
quarter’-blastocysts varies within the wide limits of 
variability observed for ‘half’- and normal blasto- 
cysts 

After carrying out observations m the living state, 
the blastocysts were then fixed and mounted ın toto 
in order to determine the number of cells composing 
the mner cell mass and trophoblast The average 
total number of cells of ‘half’- and ‘three-quarter’- 
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(1) 34-day normal blastocyst (x 800) (2)'Half'-blastocyst Size 
equal to normal, small inner cell mass (x 300) (3) ‘Half’- 
blastocyst lying loosely within zona pellucida (x 300) (4) ‘Half’- 
blastocyst without differentiated innei cell mass (x 300) 
(8) 'Quarter'-blastoeyst composed of about twenty cells Most 
of them form trophoblast (x 800) (6) ‘Quarter’-blastocyst com- 
posed of only eight cells, sr. 1n inner cell mass and two 1n tropho- 
blast Stamed with hematoxylin, mounted wm toto (x 750) 
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blastocysts was respectively 68 5 and 68 3, and 
number of cells of the inner cell mass is 33 0 and 
58 4, again as a percentage of the number m normal 
34-day blastocysts 

The numerical ratio between the cells of the mner 
cell mass and trophoblast varies considerably m the 
various ‘half’- and ‘three-quarter’-blastocysts Among 
the developing eggs there were several ‘half’-blasto- 
cysts without a differentiated mner cell mass (Fig 4), 
and several morulas m which, despite the aggregation 
of a large number of cells, the differentiation of the 
trophoblast had not taken place 

It would seem that my results are connected 1n a 
logical manner with those of cytochemical investiga- 
tions by Daleq and his co-workers on the develop- 
ment of the eggs of rodents*-® The following facts 
established by these authors are the most 1mportant 
for the interpretation of present observations * (1) the 
oocyte and fertilized undivided egg have a bilateral 
symmetry resulting from the disposrtion of the two 
cytoplasmic zones, which differ from each other 
cytochemieally The cytoplasm of the dorsal and 
ventral zones passes respectively to the cells of the 
mmer cell mass and the trophoblast (2) The plane 
of the first cleavage division has no established 
relation to the plane of symmetry of the egg 

The variations ın the numerical ratio between cells 
of the mner cell mass and the trophoblast m *haif'- 
blastocysts, and the variations m the volume of the 
inner cell mass itself, are presumably the result of 
variable distribution of the cytoplasm of these zones 
to each of the ‘half’-blastomeres According to 
Jones-Seaton’, there 1s a tendency m the ova of rats 
to symmetrical or oblique placmg of the plane of the 
first division This would explain the fact that the 
majority of ‘half’-blastocysts consist of both the mner 
cell mass and trophoblast, and that forms having 
only one of these elements are relatively rarely 
encountered As a result of the second cleavage 
division, the difference between the blastomeres, as 
regards the character of the cytoplasm forming them, 
becomes even more emphasized’. The destruction 
of a blastomere chiefly composed of cytoplasm 
mtended for the formation of either the mner cell 
mass or the trophoblast would result m wide variations 
im the structure of ‘three-quarter’-blastocysts 

A single ‘quarter’-blastomere 1s also capable, at 
least in certam cases, of forming a blastocyst com- 
posed of the inner cell mass and trophoblast (Figs 5 
and 6) The degree of participation of these elements 
in the structure of these two ‘quarter’-blastocysts 1s, 
however, quite different 

Smoe the degree of formation of the mner cell mass 
and trophoblast ın 'half-' and ‘quarter’-blastocysts 1s 
not identical with that m normal blastocysts, the 
regulating capacities of 'half'- and ‘quarter’-blasto- 
meres cannot be considered complete The fate of 
the cells which have arisen from a given blastomere 
must to a large extent be determined by the character 
of the cytoplasm formmg that blastomere The 
fundamental factor determmmg the developmental 
potency of ‘half’-blastomeres m each case would thus 
be the position of the first cleavage division m 
relation to the plane of symmetry The first two 
‘sister’ blastomeres can, but need not necessarily, 
be characterized by identical capacities for further 
development 

Development after implantation Of 175 transplanted 
*half'-blastomeres, 54, or 30 8 per cent, were ım- 
planted, and 30, or 17 1 per cent, were developmg 
normally at autopsy In actual fact the capacity of 
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the ‘half’-blastocysts to become moplanted and con- 
tmue development is at least twice as great, since 
only 50 per cent of the transplanted blastomeres are 
present in the genital tract of the recipients before 
implantation 

A series of ‘half’-embryos on successive days of 
pregnancy, from the fifth to the fifteenth, was 
Obtamed All the embryos were completely normal 
m structure In the period from the fifth to the 
tenth day their size, calculated by addmg up the 
areas of the sections, does not exceed half the size of 
the normal control embryos of corresponding age 
The statement made by Nicholas and Hall! that the 
size of rat embryos developed from ‘half’-blastomeres 
comes withm the hmuts of variation of the size of 
normal embryos ıs therefore somewhat surprismg 
In the first half of pregnancy, the rate of morpho- 
genesis of ‘half’-mouse embryos is ın certam cases 
completely normal, and :n others shghtly slowed 
down Delay m reachmg the successive stages never 
exceeds 24 hr and most often is considerably less 

Two periods of mtensified resorption of ‘half’- 
embryos may be noted—one immediately followmg 
implantation, and the other at the begmnmg of the 
second half of pregnancy, about the eleventh day 
On the eleventh day certam ‘half’-embryos reach the 
stage and size characteristic of normal development , 
others correspond to tenth-day normal embryos 
Dead embryos are also encountered From the 
twelfth day on, the number of resorbed embryos 
mereases markedly On the other hand, all the 
surviving embryos are already at the same stage of 
development and of the same size as the normal 
ones Rapid merease im the rate of development of 
*half'-embryos, which takes place at this time, seems 
to be caused by two factors (1) real morease in the 
rate of growth connected with the begmning of 
functioning of the chorio-allantoic placenta, (2) appar- 
ent hastening of development due to elummation of 
most retarded embryos by resorption 

Since all the embryos undergo normal development 
until the eleventh day, and complete regulation may 
be said to have taken place, resorption must be only 
the result of disturbance of the normal relations 
between mother and embryo, connected with con- 
siderable retardation in the rate of development 

In view of my observations 16 seems that resorption 
of all ‘half’-rat embryos durmg the frst half of 
pregnancy, reported by Nicholas and Hall, had 
been caused to a large extent by mumproper experi- 
mental technique 

Three females gave birth to young which had 
developed from ‘half’-blastomeres (first female, 1 
young one after 20 days, second female, 2 young 
ones after 19 days, third female, 3 young ones after 
20 days) These young comprised four females and 
two males All the animals were fertile, and each 
female gave birth to several htters No abnormalities 
of the kind deseribed by Seidel? or elsewhere were 
found m the young or in the more advanced embryos 

A full account of this work will be published m 
Acta Therrologeca 
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METABOLIC AND CHEMICAL STUDIES OF ‘MYLERAN’ : 
FORMATION OF 3-HYDROXYTETRAHYDROTHIOPHENE-I,I-DIOXIDE 
S IN VIVO, AND REACTIONS WITH THIOLS IN VITRO 


>» 


By Dr J J. 


ROBERTS and Dr 


G P WARWICK 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, S W 3 


T has been reported recently! that the S-p-alanyl- 
tetrahydrothiophenium cation (I) ıs formed by 
the reaction of dimethanesulphonyloxybutane (*My- 
leran’) with cysteme This compound 1s labile under 
@ variety of conditions, decomposing to tetrahydro- 
thophene, m which the sulphur atom has been 
derived from the cystemyl moiety Thus treatment 
with mild alkah (pH 8~9), electrolysis of 1ts aqueous 
solution, or pyrolysis at 140°C lead to a nearly 
quantitative conversion into tetrahydrothiophene 
CH,—CH, , 
>Š | CH,CH COOH 
H 
(s 


CH,CH, | 
! NH, 


Since rats which had recerved injections of either 
2,3-M¢C-‘Myleran’ (prepared by Di P Brookes) or 
the corresponding labelled sulphonrum compound 
(I) excreted the same major urmary metabolite, ib 
seemed very hkely that mtermediate formation of a 
sulphonrum compound of this type occurred also «n 
vwo after injection of “Myleran’ On the basis of 
the «n vitro findings which demonstrated the labihty 
of the sulphonium compound and the course of its 
decomposition, it was suggested that the major 
urmary metabolite was a derivative of tetrahydro- 
thiophene This has now been established, since 
injection into a rat of *S-tetrahydrothiophene (II) 
again led to the excretion of only one major meta- 
bolte, identical with that formed from *Myleran' and 
the sulphonrum compound as judged by its chemical 
properties, and its Ay value m 





tution I: seemed improbable that reduction was m- 
volved in view of the marked stability of the sulphone 
group to reduction wm vro Further oxidation of 
the tetrahydrothiophene-1,1-dioxide could result m 
unsaturation of the ring, the formation of a ketone, 
or fission to a di-acid It was concluded that these 
changes had not occurred as the metabolite was 
unaltered by treatment with bromme or warm 
neutral permanganate, was unreactive towards 
dimitrophenylhydrazme, and was neutral as shown 
by passage through columns of 10n exchange resins 
However, nng substitution by hydroxylation was 
considered possible, particularly m view of the en- 
hancement of the reactivity of the rmg carbon atoms 
towards nucleophile reagents by the powerfully 
negative sulphone group The presence m the meta- 
bohte of one or more hydroxyl groups was demon- 
strated by its reactrvity towards acetyl chloride, or 
benzoyl chloride in pyridine, leading to the formation 
of new compounds from which the metabolite could 
be regenerated by hydrolysis with mmeral acd 
Injection of necessarily small quantities of *Myleran' 
into a zat had hitherto precluded isolation of the 
metabolte ın a pure state and m quantities sufficient 
to isolate a derivative , but with the knowledge that 
tetrahydrothiophene-1,1-dioxide, a non-toxic com- 
pound, gave rise to the same major urmary meta- 
bolte, this difficulty was overcome Moreover, it 
was demonstrated that the same metabolite was 
excreted by the rabbit after 1nJection of 4C-“Myleran’ 
or *§-tetrahyci othiophene-1,1-dioxide Large doses 
of tetrahydrothiophene-1,1-dioxide with a radioactive 
carrier were injected mto rabbits, and after ex- 
traction of the urmary metabolite into chloroform 





several solvent systems It was Thiol group of cysteme, CH,—OCH, + 

thus further evident that the CH,S0,0(CH,),080,CH, ceptum: "SCH, —CHOOR! 

metabohte contamed a sulphur peptides or protems OH,—CHy 

atom The fact that ıb failed to HE 

give a positive test for sulphur on 

paper chromatograms suggested R = H, ammo- 

that one of the changes which atid. o dad 

had occurred involved oxidation residue 

of the sulphur atom  *5*S-Tetra- RB —OH, or 

hydrothiophene-1,1-dioxide (ILL), amino-acid, 

a likely product of oxidation wn peptide or 

vwo, was therefore synthesized residue 

and shown to be converted 1n the 

rat mto one major urinary meta- A 

bolite which differed in Ay value oH 

from the parent dioxide, but Uber 

which was again identical with a LE C pa Hs 

that formed from ‘Myleran’, the | | — | | «———— | | 

sulphonium compound, and CH, H, CH, CH, CH, CH, 

tetrahydrothiophene N Pa N Pa N E 
Possible pathways for the ^w N N 

metabolsm of tetrahydrothio- S 5 

phene-1,1-dioxide included re- rd N 4 * 

duction of the sulphone group, 

further oxidation, or rmg substi- (IV) (III) A1) 
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the residual ol was treated with 3,5-dimitrobenzoyl 
chloride The resultmg ester was recrystallized to 
constant specific radioactivity from methanol, and 
formed almost colourless prisms, meltmg pomt 
195-197° C 

Analysis C,,H,.O,.N2S requires 

C=400,H =30,N=85,8=97,mwW = 330 

Found C= 40 5, H —32,N 88,8—904,mw = 340 

This same radioaetive ester was prepared from the 
combined chloroform extracts of the urmo obtamed 
from two rabbits, one of which had received a small 
dose of 4C-‘Myleran’ to act as carrier, and the other 
a relatively large quantity of tetrahydrothiophene-1,1- 
dioxide to enable separation of the derivative It was 
also obtamed fiom the chloroform extract of urme 
from rats injected with high doses of the S-g-alanyl- 
tetrahydrothiophenium salt (I) contaming a radio- 
active tracer Each derivative had meltmg pomt 
195-197? © alone, and on admuxture 

The foregoing  expermnents mdicate that the 
urmary metabohnte formed from ‘Myleran’ is mono- 
hydroxy-tetrahydrothiophene-1,1-dioxide (IV) 2-Hy- 
droxytetrahydrothiophene-1,1-dioxide, prepared via 
the 2-bromo compound? from radioactive tetrahydro- 
thiophene-1,1-dioxide, was shown to possess & 
different Ry value from the metabolite However, 
the 3,5-dmutrobenzoate of an authentic sample of 
3-hydroxytetrahydrothiophene-1,1-dioxide (IV) (sul- 
pholanol), kmdly supphed to us by Prof E 
Boyland, had meltmg pomt 195-197°C which was 
undepressed on admixture with the 3,5-dmutro- 
benzoate formed from the ‘Myleran’ metabolite 

The metabolism of ‘Myleran’ m the ratand therabbit 
may be represented ın the accompanymg scheme 

In connexion with the possible mode of action of 
"Myleran' ıt was of interest to determine whether 
the tetrahydrothiophene formed from the drug m 
vwo could have been derived by reaction with the 
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thiol group of peptides such as glutathione, ox with 
larger molecules such as protems It has been shown 
that ‘“Myleran’ reacts smoothly with the thiol gioup 
of glutathione m an alkalne medium forming tetra- 
hydrothiophene, characterized as rts mercurichloride 
Similarly, thiol-contaming proteins such as denatured 
egg albumin and reduced keratin have been shown 
to yield tetrahydrothiophene when treated with 
"Myleran' m an alkalme medium, indicating that 
sulphomum 10n formation 1s not restricted to com- 
pounds of low molecular weight 

This novel 'dethiolation reaction’ provides addı- 
tional evidence to the «n vwo findings in support of 
the view that reactions of this type may bo responsible 
for some of the diverse pharmacological properties 
of the bifunctional alkylatmg agents Sulphomum 
ion formation might lead to a modification of the 
function of certain protems, but m addition dethiola- 

. tion could coneeivably have more far-reaching effects 

by actually altermg the sequence of amino-acids m a 
peptide or protem cham It 1s hoped that work on 
these aspects may be continued 

Full details of this work will be published elsewhere 

The work has been supported by grants to the 
Chester Beatty Research Institute (Institute of 
Cancer Research Royal Cancer Hospital), from the 
British Empire Cancer Campaign, the Jane Coffin 
Chiids Memorial Fund for Medical Research, the 
Anna Fuller Fund and the National Cancer Institute 
of the National Institutes of Health, US Pubhe 
Health Service 

We wish to thank Prof A Haddow and Dr L A 
Elson for ther mterest ın the work, and to record 
our appreciation for helpful discussion with many 
of our colleagues We giatefully acknowledge tech- 
nical assistance from Miss M Morton 
1 Roberts, J J, and Warwick, G P , Nature, 188, 1509 (1959). 
2 Fath, H E,US Patent, 2,653,362 (Oct 20, 1953) 


REGISTRATION OF THE SPERMICIDAL EFFECTS OF 
DIOCTYL SODIUM SULPHOSUCCINATE 


By Pror PER ERIC LINDAHL and KJELL WEDIN 
Institute of Zoophysiology, University of Uppsala 


TUDIES of the kmetics of spermicidal effects are 
not possible without a method for the estimation 
of the proportion of ving spermatozoa at a given 
time This mmphes that the time required for this 
estimation has to be very short in relation to the 
period of time durmg which the process is to be 
studied By workmg with dark-field illumination, 
and usmg comparatively long photographic ex- 
posures, different pictures of the lucid spermatozoa, 
either immobile or in different kinds of movements, 
are obtamed 
For the present investigation bull spermatozoa were 
chiefly used Some experiments, however, were per- 
formed with human sperm cells, with identical results 
A buffered egg-yolk extract was used as an optically 
suitable diluent for the semen and the spermicidal 
substance The optical equipment consists of a 
Zeiss roicroscope with dark-field condenser, heating 
stage, plane-apochromatie objective (x 10) com- 
pensatıng plane eyepiece (x 8), and a Zeiss carbon 
are-lamp for microscope use The microscope carries 
a Leica, camera, somewhat modified m order to 


facilitate a fast wmdmg-on of the film Usmg the 
Kodak film ‘Tri-X’, 1 0 see ıs found to be an appro- 
prate time of exposure Prints of the negatives 
are enlarged five times The final linear enlargement 
18 thus 400 times 

For each determination of the percentage of mobile 
spermatozoa two exposures are made with an interval 
of 1 0 see On the first picture the moving sperm- 
atozoa leave tracks according to their different ways 
of meving A comparison between the first and the 
second picture m a pau reveals whether doubtful 
cases depend upon passive motions induced by other 
spermatozoa or upon active movements It also 
renders possible classification of cells disappearmg by 
swimming m the direction of the optical axes as 
moving 

When performed with all precautions two counts 
on the same sample generally do not differ by more 
than 1 5 percent All the operations described below 
are performed at 37°C with matenals which have 
been preheated to this temperature Of the semen, 
diluted to give about 20,000 spermatozoa/ul , that is, 
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Fig 1  Semi-log plot of percentage of mobile sperm cells versus time in minutes at different concentrations of dioctyl sodium 
sulphosuceinate 4, Apparent death-rate constant 


twice the final density wanted, 0 5 ml 1s brought 
into a thick-walled test-tube provided with a rod- 
shaped magnetic stirrer The tube ıs placed in a 
rotating (180 r p m ) magnetic field and 0 5 ml of a 
solution of the spermicidal substance in diluent (twice 
the concentration to be studied) ıs added, all state- 
ments as to time bemg related to this moment as 
zero About 10 ul of this mixture are put on a shde, 
and a coverglass provided with a fine rim of ‘Vaselme’ 
along its edges ıs placed on the drop in such a way 
that no air bubbles are left between the two glasses 
The preparation 1s thus protected from evaporation, 
aerobiosis bemg, however, permitted only for limited 
periods of trme The first exposures are made after 
60 and 61 sec, and are followed by two exposures 
every fifteenth and thirtieth second 

A stock solution of dioctyl sodium sulphosucemate 
in acetone (0 45 M, 20 per cent) is prepared and 
added to the diluent The highest final concentra- 
tion of acetone mn our experiments was about 5 per 
cent In control experiments this concentration bad 
no effect on the percentage of mobile spermatozoa 
for periods of up to 2 hr 

Concentrations of dioctyl sodium sulphosucemate 
ranging from 0 84 x 10-? M to 1 41 x 10-? M (0 38 
per cent to 0 63 per cent) give exponential death-rate 
curves that are more easily read m logarithmic form 
(Fig 1) As m correspondmg experiments with 
bactericidals? these straight curves permit the calcula- 
tion of ‘apparent death-rate constants’ The analytical 
plotting of the relation between concentration of 
dioetyl sodium sulphosueemate and the apparent 
death-rate constants ıs seen m Fig 2 According to 
the theoretical analyses given by Johnson, Eynng 
and Polssar?, these curves may give considerable 
information about the mechanism mvolved — Tenta- 
tively we have transformed thew expression 

t = I- pm = 1 —( — eckt)m 
into 
log (1 — x) = mlog (1 — eM) 

and plotted log (1 — m) against log (1 — eM) choosing 
such a value of k as to give a straight lme (Fig 3) 
This 1mphes identical values of m and n With 
decreasing concentrations of dioctyl sodium sulpho- 
succinate both k and n decrease Log n plotted 
against log concentration gives a lmear relation- 
shjp As the concentration of the spermieide 1s large 
1b remains in excess, and may thus be considered 
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Tig 2 Loglog plot of the apparent death-rate constant versus 
different concentrations of dioctyl sodium sulphosuccinate 


No 4695 October 24, 1959 NATURE 1291 
084x102 M relatimg log surviving sperm cells 
k=0 00008 ; to time obtamed with low con- 

$36 n=10 5 10121077 M viz] — qzeew?& — dato] centrations (0 84 x 10-? M) of di- 

kz0 005 k=002 k= 0 04 k=0 07 oct: 1 d ul hi h 
Ms RE nailh naii ctyl sodium sulphosucemate show 


020 100 


f 


080 
0 60 ye 
010 050 


002 004 006 060 080 100 
elk) 


0-7) 


080 100 


Fig 3  Log-log plot ofA — 7) versus (L — ekt) at different concentrations of 


10¢byl sodium sulphosuccinate 


constant? According to Johnson, Eyrmg and Polissar 
^ may thus represent the number of molecules of 
dioctyl sodium sulphosuccinate combining with each 
molecule of protem m the cells Occasionally curves 
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a sharp break, the death-rate 
suddenly decreasmg This observa- 
tion will be further analysed The 
effects on the relationships de- 
scribed of anaerobiosis, tempera- 
ture and agemg of the cells are 
bemg studied 

Corresponding results have been 
obtamed with chloramm-7 and 
hydrogen peroxide 
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GLUCOSE-6-PHOSPHATE DEHYDROGENASE AND HUMAN 
ERYTHROCYTES 


Characteristics of Glucose-6-Phosphate 
Dehydrogenase from Normal and Primaquine- 
sensitive Erythrocytes 


ECENT developments have emphasized the fact 
that genes may express themselves m terms of 
quahtetive alterations of such macromolecules as 
human hemoglobins: and blood-group substances? 
Whether or not such quahtatrve differences at the 
level of the enzyme usually account for the mherited 
enzymic deficiencies is not known, but some mstances 
of qualitative alterations m enzymes have been 
reported Immunochemical evidence? exists for an 
mactive enzyme-hke molecule m mutants lackmg 
tryptophan-synthetase Qualitative differences in 
glutamic dehydrogenase have been found m mutants 
of Neurospora‘ An opportunity exists to explore this 
possibility further ın the case of prunaqume-sensitive 
hemolytic anemia’, an mherrted defect in which the 
erythrocytes of affected hemizygous or homozygous 
persons have only 5-20 per cent of the normal 
activity of glucose-6-phosphate dehydrogenase 
In order to investigate possible qualitative or 
quantitative differences between the glucose-6-phos- 
phate dehydrogenase in primaquine-sensitive and 
normal erythrocytes, a method of partially purifymg 
the enzyme has been developed®? and prelimmary 
comparative studies have been made The partially 
purified preparation is hemoglobin-free and repre- 
sents a 60- to 80-fold purification of glucose-6- 
phosphate dehydrogenase in 20-50 per cent yield, 
with little or no contamination with 6-phospho- 
gluconie dehydrogenase The enzyme was assayed in 
final concentrations of 0 1 M tris buffer, pH 8 0, 
0 01 M magnesium chloride, 2 x 10-4 M triphospho- 
pyridine nucleotide, and 6 0 x 10-* M glucose-6- 
phosphate, by observing the increase in optical 
density at 340 mp or by measurmg the 450 my 
fluorescence in a photofluorometer, usmg 360 my 
exciting lgbt Withm an accuracy of -+ 5-20 per 
cent, the preparation from both a primaquine- 
sensitive male and a normal male control had 
Michaelis constants of 2 1 x 10-9, 3 9 x 10-5, and 
69 x 10-* M for tnphosphopyridie nucleotide, 


glucose-6-phosphate, and 2-deoxyglucose-6-phosphate, 
respectively Both utihzed the last substrate at 
9 per cent of the maximum rate for glucose-6- 
phosphate In a muxed buffer which was 0 05 M 
each m phosphate, t1s and glyeme, both preparations 
had the same pH-optumum curve from pH 6 0 to 
100 Heat of activation (20-40? C ) was found to be 
9 5 x 10? cal [mole for both preparations Similar 
movement on anion-exchange column chromato- 
graphy has been observed for the enzyme from both 
sources? The percentage yield of activity for the 
enzyme fiom sensitive cells remamed approximately 
the same as that for normal cells throughout the 
partial purification and all expermnents Similar 
labiltties and the stabilizing effect of triphosphopyri- 
dine nucleotide have been reported® The latter may 
be related to the mactivation of this enzyme by 
erythrocytic stroma, which has been observed by 
others (ref 8 and followmg communication) 
Because of the many identical catalytic parameters, 
1t seems unlikely at the present time that the greatly 
reduced activity of erythrocytic glucose-6-phosphate 
dehydrogenase mn these persons 1s due to a qualitative 
difference at the catalytic sıte of the enzyme, if a 
quahtatrve difference exists at all We are left, 
therefore, with the necessity of considering a gene 
which manifests itself through decreasing the rate of 
synthesis or mncreasmg the rate of mactivation of 
this enzyme ‘The fact that the 80-fold purified 
preparation can be far more extensively purified 
indicates that the glucose-6-phosphate dehydrogenase 
constitutes only a very minute portion of the hzmo- 
globin-hee protems and emphasizes the necessity 
and opportunity for more definitive comparisons of 
relatively pure preparations of glucose-6-phosphate 
dehydrogenase Some differences m Jabilities*® and 
pH optima’ between this enzyme im normal and 
primaquine-sensitive hemolysates have been reported 
In view of the extensive contammations with other 
protems and the stabilizing effect of small amounts 
of various substances’, caution should be taken 
m drawing inferences as to molecular differences 
based on differences in lability of the glucose-6-, 
phosphate dehydrogenase between normal and prim- 
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aquine-sensitrve hemolysates and crude prepara- 
tions 

This work has been supported, m part, by a post- 
doctoral fellowship, National Institute of Arthritis 
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National Institute of Arthritis and Metabolic 
Diseases, 
National Institutes of Health, 
Department of Health, Education and Welfare, 
Bethesda, Maryland 
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Mechanism of Inactivation of Glucose-6- 
phosphate Dehydrogenase in Human 
Erythrocytes 
In the course of mvestigation of primaqume- 
sensitive hemolysis we found that glucose-6-phos- 
phate dehydrogenase 1s mactivated by meubation 
with stromata m hemolysates of primaquine-sensitive 
and non-sensitive erythrocytes alke? Purified 
hemoglobm-free glucose-6-phosphate dehydrogenase 
from both kinds of erythrocytes appears qualitatively 
identical and is lughly stabilized by triphospho- 

pyridine nucleotide? 

We wish to report that m hemolysates of both 
types of cells ‘Nort’ mactivates glucose-6-phosphate 
dehydrogenase by adsorption of pyridine nucleotides* 
as do stromata by pyndime nucleotidase activity 
Inactivation of glucose-6-phosphate dehydrogenase 
by stromata is prevented by triphosphopyridine 
nucleotide, drphosphopyridime nucleotide and nicotin- 
amide Inactivation by ‘Norrt’ m stroma-free hamo- 
lysates ıs prevented by tri- and di-phosphopyridine 
nucleotide but not by mieotmamude Dnalysed 
stroma-free hemolysates retain bound coenzyme 
and, m them, glucose-6-phosphate dehydrogenase is 
not mactivated by incubation unless stromata or 
‘Norit’ 1s added Glucose-6-phosphate dehydrogenase 
inactivation and removal of bound coenzyme occur con- 
comutantly durmg ineubation with stromata or ‘Norit’ 

Human erythrocytes washed with cold 0 145 M 
sodium chloride were hemolysed by rapid freezmg 
and thawmg The hemolysate was diluted with four 
or five volumes of cold water, the stromata were 
removed by centrifuging for 60 mun at 28,0009, 
0° C either before or after mcubation After dialysis 
(usually overnight) m 0 067 JM phosphate buffer, 
pH 7 4, the hemolysates were assayed for glucose- 
6-phosphate dehydrogenase and 6-phosphogluconic 
dehydrogenase activity by a modrfication of the 
coupled reactions with glutathione reductase pre- 
viously described! In a final volume of 7 0 ml the 
complete reaction mixtures contained: (1) tris- 
hydroxymethylammomethane, 5 x 10-4 M, adjusted 
to pH 74 with hydrochloric acid, (2) ethylene- 
damme tetraacetic acid adjusted to pH 7 4 with 
sodium hydroxide, 5 x 10-5 M, (3) trmphospho- 
pyridine nucleotide (Sigma), 7 x 10-9 M, (4) oxid- 
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wed glutathione, GSSG (Schwarz), 5 x 10° M; 
(5) glucose-6-phosphate (Sigma), 4 x 10-5 M for 
glucose-6-phosphate dehydrogenase , or (6) 6-phos- 
phogluconate (Sigma), 4 x 10-* M for 6-phospho- 
gluconic dehydrogenase, and (7) varying amounts 
of hemolysate as shown m Fig 1 Reactions were 
run for 15 min at 37°C, pH 7 4 

Fig 1 shows representative results from a male 
non-sensitive (A, A’) and a male sensitive mdividual 
(B, B') Curves A and B represent activity of 
glucose-6-phosphate dehydrogenase n dialysed 
hemolysates from which stromata had been removed 
immediately after hemolysis Curves A’ and B’ 
show activity of glucose-6-phosphate dehydrogenase, 
after incubation of hemolysate from non-sensitive 
cells for 1 hr at 45° C and from sensitive cells for 
lhr at 37°C, prior to removal of stromata Addition 
of tri- or di-phosphopyridine nucleotide (10-5 M) to 
these hæmolysates before meubation provided 100 
and 73 per cent protection, respectively, based on 
approximate integration of the curves obtained 
Nicotmamide (5 x 10-3 M) provided protection 
ranging from 15 to 60 per cent in non-sensitive and 
60 to 100 per cent i sensitive hemolysates 

Similar meubation of doubly centrifuged stroma- 
free hemolysates results m little or no mactivation 
either before or after dialysis However, glucose-6- 
phosphate dehydrogenase 1s inactivated in stroma- 
free hemolysate by incubation with acid-washed 
‘Norrv’ (2 5-80 mgm per ml) or by incubation after 
removal of ‘Nort’ Triphosphopyridine nucleotide 
completely protected glucose-6-phosphate dehydro- 
genase in stroma-freo hemolysates meubated after 
removal of ‘Norit? Drphosphopyridme nucleotide 
protected it m non-sensitive hemolysates by 47 per 
cent and in sensitive hemolysates by 91 per cent 
However, nicotmamide gave no protection, suggesting 
that its effect occurs by mhibition of stroma factor, 
whereas tr- and di-phosphopyridme nucleotide 
stabilize the enzyme itself 
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Glutathione reductase and 6-phosphogluconie de- 
hydrogenase in hemolysates, unlike glucose-6-phos- 
phate dehydrogenase, remam active even after in- 
cubation with stromata or ‘Norit? This allows pre- 
lummary investigation of the binding of triphospho- 
pyridine nucleotide to glucose-6-phosphate dehydro- 
genase because the former is also the coenzyme of 
6-phosphoglucome dehydrogenase Stroma-free dia- 
lysed hemolysates retain sufficient triphosphopyridine 
nucleotide for the hemolysate to reduce GSSG in 
l hr at 37° C when 6-phosphogluconate, but not 
tarphosphopyridine nucleotide, is added to the 
reaction mixture However, under the same con- 
ditions, GSSG ıs not 1educed after meubation with 
stiomata or ‘Norit? (Triphosphopyridine nucleotide 
is retained in hemolysate which has been dialysed 
for as long as 42 hr ) 

The mactivation of glucose-6-phosphate dehydro- 
genase and loss of triphosphopyridme nucleotide 
remaming m dialysed hemolysates occur together, 
suggesting that the non-dialysed fraction of triphos- 
phopyridine nucleotide ıs bound to glucose-6-phos- 
phate dehydrogenase and that this 1s actrve only when 
bound with its coenzyme The 6-phosphogiuconic 
dehydrogenase does not bmd triphosphopyridme 
nucleotide or require it for stabilization 

Intact human erythrocytes have pyridine nucleo- 
tidase activity, both on the surface and within the 
cell the surface activity is demonstrated by the 
inactivation of glucose-6-phosphate dehydrogenase in 
isotonic hemolysates durmg meubation with whole 
human erythrocytes , the mttacellular effect 1s shown 
by a loss of glucose-6-phosphate dehydrogenase 
activity and bound triphosphopyridine nucleotide in 
erythrocytes meubated in isotome salme for 2 hr at 
45° C Although no loss of glucose-6-phosphate 
dehydrogenase activity occurred during storage of 
non-sensitive blood, gradual loss of glucose-6- 
phosphate dehydrogenase activitv m sensitive blood 
during four weeks of storage 1n acid—citrate-dextrose 
solution also suggests an intracellular action of 
pyridine nucleotidase 
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These results show that tryphosphopyridme nucleo- 
tide stabilizes glucose-6-phosphate dehydrogenase m 
hemolysates as well as m partially purified. prepara- 
tions and confirm the suggestion that this stabilization 
may be related to the mactivation of this enzyme 
by erythrocytic stroma (ref 5 and previous com- 
munication) Partial stabilization of glucose-6-phos- 
phate dehydrogenase by micotmamude is indirect, by 
protection of the pyridine nucleotides from pyridine 
nucleotidase activity of stromata Stabilization by 
drphosphopyridine nucleotide may also be indirect, 
by its enzymatic conversion to triphosphopyridme 
nucleotide, since. diphosphopyridme nucleotide does 
not stabilize glucose-6-phosphate dehydrogenase 
of partially purified preparations’ Nevertheless, 
protection of glucose-6-phosphate dehydrogenase of 
stroma-free hemolysates by dı- as well as tu 
phosphopyridine nucleotide mdicates that the former 
can help to stabilize glucose-6-phosphate dehydro- 
genase m human erythrocytes, even though ib 1s not 
a coenzyme for ıt Tke key to the mechanism of 
piunaqume hemolysis, and possibly of cellular 
ageing, may be related to these stabilizing processes 

This work was done (1n major part) under contracts 
DA-49-007-MD968 and DA-49-007-M D566 with the 
Office of the Surgeon General, Department of the 
Army It was also aided by a grant from the 
Douglas Smith Foundation of the University of 
Chicago 

Paun E Carson 
SrAwnLEY L SCHRIER 
RossRT W KELLERMEYER 
Department of Medicine, 
Unversity of Chicago, 
Chicago, [mois 
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X-RAY DAMAGE AND RECOVERY 'IN MAMMALIAN CELLS 
IN CULTURE 


By M. M. ELKIND and HARRIET SUTTON 
National Institutes of Health, US Public Health Service, Bethesda 14, Maryland 


S measured by the ability to sustam unlimited 
prohferation, the X-ray sensitivity of micro- 
organisms has been generally observed to be much 
greater than the sensitivity of important macro- 
molecules This, m itself, has been an important 
1eason for associating the lethal effect of X-rays with 
the genetic apparatus of the cell Puck and Marcus's! 
observation that mammalian cells m tissue culture 
were even more sensitive—10—100 times or more— 
than bacteria or yeasts further reinforced this view 
and led to thew very reasonable proposal that the 
sensitive sites in mammahan cells are the chromo- 
somes 
If the functional integrity of the genetic apparatus 
18 required for viability, since the survival curves of 
most somatic cells are sigmoid (or multzhit), 16 might 
be expected that survivors after X-nradistion would 
be more sensitive to subsequent exposure than the 


parental population This follows from the fact that 
multihitness implies a threshold type of response 
(which means damage must be accumulated before 
an effect 1s observed) and hence that surviving cells 
accumulated a sublethal amount of damage 

We have investigated the question of the presence 
of henitable damage in two cell lines of the Chinese 
hamster, Oricetulus griseus? (clone A ovarian tissue 
and strain V female lung tissue), propagated m tissue 
culture We have found that essentially all the sur- 
vivors after X-madiation did not display heritable 
damage, as would be evidenced by then 1adiosensi- 
tivity, but rather that they repaired ther accumu- 
lated damage before them first division after 
radiation 

Our growth medium bears the designation HU-15 
Tt consists of Eagles’s ammo-acids and vitamisi 
with glutamine at a concentration of 1 mM ; 4 per 
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SURVIVING FRACTION 


8 12 16 


901 INCUBATION TIME, HRS, 
BETWEEN 5058 487 rad. 


0001 
1g 1 Recovery of X-irradiated cells (between 505 rad and 
487 rad doses) as a function of time ofimeubation at 37° C 

cent Earle's NOTC-109 4, Puck’s® saline P with the 
ealcrum content mereased 6 5 times, and 15 per 
cent undialysed foetal calf serum (Colorado Serum 
Co, Denver) Both cell lines grow in this medium 
with & doubhng time of about 12 hr 

Our X-ray source consisted of a Machlett OEG-60 
tube powered by a full-wave rectified, 55 kV 
supply The tube was operated at 12 mamp with 
0 175 mm aluminium filtration, absorbed dose-rate 
720 radsjmm After the attachment of cells m 9-em, 
Petri dishes, the plate covers and growth medium 
were removed and the cells were wradiated at room 
temperature n a humudified atmosphere of 2 per cent 
carbon dioxide m air Surviving clones were stained 
and counted after 12-18 days meubation at 37° O m 
8 2 per cent carbon dioxide meubator Identification 
of abortive colonies was facilitated by the use of a 
projection technique, although our results are essen- 
tially the same whether or not abortive colonies are 
included Plating efficiencies in most of our experi- 
ments were about 70 per cent, essentially the same 
results were obtamed, however, m experiments 
having plating efficiencies from 10 to 90 per cent 

In discussmg the observations, a multzhit model 
wil be assumed for simphcity although our con- 
clusions apply equally as well to sigmoid or threshold 
type survival curves ın general For lag-phase cells, 
clone A was found to display hitness numbers of 4-5 
and clone V 6-7 

X-ray dose fractionation was employed to test for 
repair of accumulated damage Fig 1 shows a sw- 
vival curve for single clone A cells trypsonized and 
plated 2 hr before exposure (Standard errors are 
indicated where larger than the plotted pomts) In 
addition, the lower portion of the figme shows a 
recovery curve for cells which had received a first 
dose, 505 rads, followed by incubation at 37°O for 
various periods of time before receiving a second 
dose of 487 rads 7 

If there had been no recovery between the ex- 
posures, the two doses would have been completely 
additive, and the survival after a total of 992 rads 
would have been 0 0019 Alternatively, if there had 
been complete recovery between doses, the survival 
to the first and second doses would have been 0 082 
and 0 095, respectively The product of these latter 
‘values ıs 0 0078, which represents the survival cor- 
responding to complete recovery between doses The 
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pomts to be noted are (1) as a function of time at 
37°C, the cells recover in à manner which may 
involve repair of sites as well as fluctuations in 
sensitivity , (2) for clone A cells, recovery appears to 
be complete by about 10 hr and constant until 
about 25 hr ; and (3) the survival rises above 
0 0078 after about 25 hr , which probably represents 
the effect of cellular multiplicity on survival con- 
eomitant with the onset of post-irradiation division 

The likelihood of the last pomt was arrived at by 
two types of measurements First, we showed that 
the ‘principle of cellular multiplicity’ holds for these 
cells That is, the surviving fraction of colomes con- 
taming more than one cell 1s shifted upward by an 
amount governed by the average cellular multiplicity 
providing that each cell in the colony has the same 
average sensitivity and that ıt must be inactivated 
independently to suppress post-wradiation colony 
formation Secondly, an estimate of division delay 
followmg a first dose of 505 rads was made by 
comparing the clonal growth of wradiated cells with 
umrrad:ated contiols The comparison was made 
after clones had reached a size, about 100 cells per 
clone, which permitted an unambiguous identification 
of such clones as survivors In agreement with the 
recovery curve in Fig 1, the latter measurement 
indicated a division delay of about 30 hr 

In addition to the preceding, we have also shown 
that recovery can take place at room temperature 
unaccompanied by division m the control population 

To verify that the plateau region m the recovery 
curve of Fig 1 represents complete repair of the 
accumulated damage resulting from the first dose, 
the survival curve was repeated after 505 rads fol- 
lowed by 181 hr at 37° C In Fig 2, the non- 
fractionated survival curve was re-drawn starting 
from the survival correspondmg to a first dose of 
505 rads The figure displays an excellent fit of the 
re-drawn curve to the observed pomts and shows 
that, m the exponential regions of both curves, 
maximum recovery shifts the survival upward by a 
factor equal to the hitness number It also follows 
from Fig 2 that, at least m the region of full recovery, 
synergism between the first and second doses is 
probably absent and therefore the second dose 
measures the degree of repair of damage resulting 
from the first dose 
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Fig 2 Fullrecovery after a dose of 505 1ads followed by 1 
at 37? C as evidenced by the repetition of the A A AE 
survival curve 
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The preceding figures are part of a comprehensive 
study which will be reported m detail elsewhere To 
the extent that these and the results to be repoited 
are typical for somatic cells m general, ıt should be 
noted that (1) The vast majority of surviving cells 
completely repair their accumulated damage before 
ther first division post-rrradiation This means that 
if the hitness number is n, ın the exponential region, 
survivors undo the effects of a maximum number of 
hits which igm—1 (2) The kmeties of recovery depend 
on the physiological state of the cells and/or can be 
caused to appear to undergo large oscillations 
depending on the recovery medium These apparent 
oscillations may result from the combmed effects of 
changes m sensitivity and repair of mactivated sites 
(3) Although there are important quantitative differ- 
ences, log-phase cells respond similaily (4) A cell 
can undergo repeated cycles of damage and repair 
with no apparent attenuation of the repair process(es) 

There are several contexts in which these findings 
are of mterest If the chromosomes are the X-ray 
sensitive sites and chromosome breaks are the hits 
leading to lethality, then some new properties of 
restitution must be considered First, restitution. 
goes to completion m surviving cells Secondly, the 
cell’s ability to restitute breaks remains unimpaired 
after repeated doses In view of the preceding, 
Puek's* report of a hugh yield of mutant character- 
istics in the progeny of cells survivmg 5-7 mean 
lethal doses may be applicable to the material he 
was using, may be evidence of a iadiation-mduced 
chromosomal lability which is expressed after 
recovery and during clonal growth, may imply that 
mutation production and Jethality are not, n 
general, closely connected , or may indicate that the 
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chromosomes are not the primary sensitive sites 
related to viability 

Another area m which these results may apply 1s 
im connexion with tumour therapy Treatment proto- 
cols involving fractionation are common, permitting, 
in general, ample tame between treatments for con- 
siderable 1f not complete recovery Even for situations 
in which the hitness number may only be 2, a sunple 
calculation reveals that, if recovery is not duly 
accounted for, the survival using fractionation can 
be higher than expected by several orders of mag- 
nitude Of course, tissue recovery m a general sense 
has been recognized by radiation therapists for a 
long time These results, however, provide a cellular 
basis for this phenomenon and Jend specific direction 
to the research that should be undertaken both to 
take advantage of, as well as to control, this effect 

Additional experiments are planned (or m pro- 
gress) to examme the influence of dose-rate on 
survival, and the biochemical and cytogenetic aspects 
of recovery 

We are mdebted to Dr T T Puck for a sample of 
his clone A, ovarian tissue, which has been propa- 
gated im our laboratory without reclonmg since 
August 1958, to Dr Denys Ford for his V stram, 
female lung tissue, which was recloned m December 
1958; and to Dr George Yergaman, who supplied 
the Chinese hamsters for the original explants 
1 Puck, T T and Marcus, P I,J Esp Med , 108, 653 (1958) 
2 Yerganian, G, J Nat Cancer Inst , 20, 705 (1958) 
? Eagle, H , Sevence, 122, 501 (1955) 
‘Evans V J, Bryant, J R , McQuilkin, W T , Fioramonti, M C, 

Sanford, K K , Westfall, B B , and Earle, W E, Cancer Res, 

16, 87 (1958) 

*Puck, T T, Ciecrura,S J , and Robinson, A , J Exp Med , 108, 
945 (1058) 

° Puck, T T, Proc US Nat Acad Sev, 44, 772 (1958) 


TALLOWY DISCOLORATION IN CHEDDAR CHEESE 


By STAFF OF THE WALLACEVILLE DAIRY LABORATORY 
Wellington, New Zealand 


Fat Oxidation and Trace Metals in Cheese 


SERIOUS fault ın mature Cheddar cheese ıs 
the gradual appearance of bleached areas with 
a talowy flavour, aptly described as ‘tallowy dis- 
coloration’ or ‘white streak’ The erratic meidence 
of this defect has for long hindered efforts to find 
the prime cause In seeking the cause, most of the 
chemical features examuned showed little, if any, 
difference between normal and tallowy portions, apart 
from the oxidized condition of the latter The most 
stukmg differences were found in the disposition of 
trace metals As compared with adjacent normal 
cheese the copper content of the centre of tallowy 
portions was always much lower, often as little 
as a third, but the iron content was always 
higher, usually by about a half Experiments 
with threefold added copper did not affect the 
incidence of the tallowy defect, nor did added ion 
salts 
When normal cheese curd was treated with an 
excess of warm 5 per cent 1ron-free bime, the portion 
that dissolved contained more mon than the undis- 
solved cheese, which was shown to lose & correspond- 
mg quantity of won Moreover, treatment for a 
shorte: period so that less cheese dissolved, resulted 


in a higher mon content of the dissolved cheese This 
indicated the presence of an iron compound more 
soluble than the cheese, and also suggested a probable 
connexion between the salting process in cheese- 
making and the appearance of tallowmess 

The degree of oxidation of iron m cheese was also 
studied Practically no ferrous ion could be ex- 
tracted from young cheese , but the amount extract- 
able mereased with ageing at variable rates, some 
cheese yielding very little at maturity Cheese tending 
to tallowmess had inereased ferrous iron content, 
while the actual tallowy seams had the highest ferrous 
content This occurred m seams where oxidation 
was most advanced, as shown by high peroxide values 
and also by oxidation of the sulphydryl groups of 
the protem These results now mdicate that an 
ımportant part ıs played by an non complex The 
very low copper content at the centre of tallowy 
seams may be an effect of oxidation of a copper- 
sulphydryl compound similar to that demonstrated 
by Stricks and Kolthoff: 

Most of these investigations were cared out durmg 
a period of several years In view of the recent findmg 
by Rammell (followmg comrounication) that hematm 
compounds can cause tallowy discoloration, they* 
support the view that these or similar ron complexes 
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have an important influence m causmg tallowy 
discoloration 

F BrsHor 
1Stricks, W , 2nd Kolthoff, T M ,J Amer Chem Soc ,73,1723 (1950) 


Fat Oxidation and Hzematin Systems in 
Cheese 


Mvucn work has been done m New Zealand on a 
defect of Cheddar cheese characterized by a coupled 
oxidation of the fat and carosene The defect, 
commonly known as ‘tallowy discoloration’ or ‘white 
streak’, 1s seen m the intero: of the cheese as bleached. 
areas having a tallowy flavour These bleached areas 
are invariably associated with cracks in the body of 
the cheese The defect usually occurs only after at 
least 16-20 weeks storage at low temperatures 
(42-44? F) Previous attempts to find the major 
pre-disposmg cause of this defect have not been 
completely successful 

As I beleve the defect to be sımılar in several 
ways to oxidative changes described by "Tappel, 
attempts were made to show the presence of a fat- 
oxidizing system m cheese, using methods simular 
to those of Blam and Todd? Such a system was 
found to be present in some cheese As a result of 
these findings, cheese was made m which sterile, 
defibimated eow's blood was added to the cheese 
milk The experimental and control cheese were 
stored in a controlled curing room at about 55° F 
for 6 weeks Sample plugs of the cheese were then 
stored in tho presence of an, at 32-34° F for 4 weeks 
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After this time, the cheese contaimng the highest 
amount of blood (0 02 per cent m the cheese milk) 
had developed typical tallowy discoloration The 
contro! cheese contammg no added blood had not 
developed the defect, ıt was of normal flavour and 
colour 

On obtaming these results, four of the original 
experimental and control cheeses were cut and 
examined These cheeses had been at 55°F for 2 
weeks followed by 9} weeks at 42-44° FP —a total 
of 114 weeks Tallowy discoloration was seen in the 
two expermnental cheeses, bemg more extensive in 
the cheese eontauung the higher amount of blood 
The two contiol cheeses showed no sign of the defect 

The possibility of abnormal amounts of blood in 
the milk bemg the prime cause of tallowy discolora- 
tion must now be considered It has been shown that, 
durmg manufacture of experimental cheese, most of 
any red blood cells added to the milk become con- 
centrated within the cheese curd This concentration 
is further modified by the addition of salt to the 
curd, resulting in a partial hemolysis of the red blood 
cells Higher concentrations of salt would then be 
expected to reduce tallowy discoloration The effect 
of added salt provides a possible partial explanation 
of the results obtamed by Bishop (preceding com- 
munication) 

Full details of these and ielated experiments will 
be offered for publication elsewhere 

C G RAMMELL 
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NON-INVERTED VERSUS INVERTED PLOTS IN ENZYME 
KINETICS 


T was first shown, but not published, by Woolf 
(see ref 1) that the Michaelis~Menten equation 
v = Val(1-4- KijS), relating the mitial reaction-rate 
(v) of an enzymic reaction to the substrate concen- 
tration (S) can be written m three hnear forms The 
experimental (apparent) kmetic constants Vp (v, 
when S — œ) and Ka (S, when v = V,,/2) can be 
obtaimed from plots of the variables l/v versus 1/S, 
S/o versus S or v versus v/S Since its first application 
by Lineweaver and Burk?, the l/v versus 1/S plot 
has been used most commonly 

However, ıt has been pomted out on several 
occasions (see ref 3), that the v versus v[S plot, 
non-mverted with respect to v, has advantages over 
the two inverted plots, partly because it is less apt 
to obscure deviations from linearity With respect 
to similar plots for determmmg the number of 
molecules of & small molecular compound bound to a 
protem, Scatchard‘ states  *' this [verted plot] 
has the disadvantage of concealing deviations from 
the ideal laws and of tempting stiaight lmes where 
there should be curvature” 

These considerations apply also to the determina- 
tion of kmetic constants from enzymic reaction-rates 
at constant substrate concentration and varying 
concentrations of an inhibitor or activator (see ref 5) 

Despite the drawbacks ıt has remained customary, 
at least m enzyme kimeties, to use inverted plots m 
the evaluation of results Even m a recent and 
authoritative text-book on enzymology! that treats 
these graphical procedures extensively, the advan- 


tages of the v versus v/S plot have not been fully 
recognized For these reasons some further comment 
on thus matter seems to be appropriate 

In an acid-base titration, or m the demonstration 
of the influence of the hydrogen 1on concentration 
on the rate of an enzymie reaction, unwieldy graphs 
would be obtained if instead of pH the hydrogen 10n 
concentration were used as one of the co-ordinates 
This apphes also to the influence of the substrate 
concentration on the rate of an enzymic reaction, 
and accordmgly plots of v versus pS have been used 
in enzyme kmetics The inflexion point of the 
theoretical sigmoid curve corresponds to pKy 

Like other titrations, the enzyme-substrate 'titra- 
tion’ should be carried out over a range that mncludes 
subsuate concentrations above as well as below this 
inflexion (‘halfway’) pomt An ideal range 1s that of 
about one pS unit below to one pS unit above this 
pont, that is, from about 0 1 to 10 Kaz*.’, representing 
iougnly the range of 10-90 per cent ‘saturation’ of 
enzyme with substrate However, such a (sem) 
logarithmic plot 1s still of little value for-the estima- 
tion of the kmetic constants because 16 18 not linear 
On this basis, the advantage of the v versus v/S plot 
becomes ummediately apparent It can be seen in 
Fig 1 that for almost 80 per cent of 1ts course this 
plot nearly comeides with the v versus pS plot It 
has the additional advantage over the latter of being 
hnear, which allows F to be determmed by extra- 
polaaon to S — œ (mtercept with the ordinate) 
The (negative) slope 1s equal to Ky 
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Fig 1 Comparison of the » versus pS (sigmoid) and the v versus 
viS plot (straight hne) Vm has been taken as unity for the reac- 
tion-rate (v) and Ky as unity for the substrate concentration (S) 


If, ın the ideal region, substrate concentrations are 
applied that correspond to about equal increments 1n 
pS, & procedure that has been found practicable in 
many cases (for examples see ref 8), the reaction-rates 
actually measured also change by about equal 
increments and are equally distributed over the v 
versus v/S plot This is not the case with the other 
two plots when equal mcrements of 1/S or S are 
taken In this connexion a few comments on state- 
ments made by Dixon and Webb (ref 6, pp 21-22) 
are m order These statements are “ the 
expermnenter ıs free to choose such substrate con- 
centrations as will give tho best distribution of pomts 
(one very rarely works at equal mcrements of v, 
indeed 1t 1s hardly practicable to do so)" and ** it 
18 a positive advantage to have most of the pomts 
concentrated near the left hand side in [the two 
inverted] methods, since ıt 1s this part of the graph 
which is most important for determmmg Ky” 
When, in the mverted plots, the substrate concen- 
tiations are chosen so as to give equal 
distaibution of pomts, one finds that 
the corresponding changes in rate de- 
crease progressively at one end of the 
curve until they become too small to be 
measured accurately On the other end 
of the curve, the increments in v become 
unnecessarily large This is demon- 
strated by Figs 2A and 2B for the case 
of the l/v versus 1/S plot Fig 2 is 
based on a substrate concentration- 
range of about 10-fold, but one fre- 
quently finds in the hteratme cases 
where the range 1s even smaller so that, 
for example, only the lower pomts of 
curve 2B sie available Although a 
more or less accurate Vmj/Kar value 
(intercept with the abscissa 1m the non- 
inverted plot) may be obtamed in this 
ease, 1b 1s obvious that neither Vm nor 
Ky ean be estimated with any accuracy 
fiom such data, even though the m- 
verted plot might tempt one to do so 
Similax difficulties obtam when only 
results at the higher substrate con- 
centiations, close to saturation, ae 
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dotted lines correspond to an experimental maximum errorin v of + 5 per cent 
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available From such data not even Vm can be 
estimated with certainty when substrate mhibition 
18 involved 

Because only the v versus v/S plot shows the rates 
from S — 0 to S — o» on a fimte graph, this plot 
generally demonstrates more clearly whether or not 
the results are sufficient for the estimation of the 
constants When ample data are available, for 
example, over the recommended 100-fold range of 
substrate concentrations, the mverted plots are also 
the less convenient As 1s seen ın Fig 24, all the 
activities below Vm/2 would be found on the first 
small part of the curve between 1/S = 0 and 1/S = 1, 
while those above this value correspond to the 1ange 
of 1/S between 1 and infimty Thus, the inverted 
plots over-emphasize the results on one side of the 
curve at the cost of those on the otherside This pro- 
duces a lop-sided stretching of the curve and tends 
to obscure deviations from linearity (see ref 3b) 

No titration 13 complete, nor the estimation of the 
corresponding constants accurate, if 1b 1s not carried 
through on both sides of the half-way pomt Both 
these regions are of equal value in this respect On 
the other hand, results obtamed too far away from 
this point on either side are largely superfluous 
From this ıt should be clear that the most important 
range of substrate concentrations for the determ- 
mation of the constants are those of the order of Ky, 
around the value of which the curve should be 
symmetrical This 1s the case only with the v versus 
v/S plot in which the half-way pomt is equally 
spaced between the two limiting values 

Vinf = lm v\ and mee = lmv/S 
S— wv S0 


Another largely unwarranted comment that has 
been made from time to time (see ref 9) in favour of 
the l/» versus 1/S plot ıs based on the fact that here 
the variables v and S are separated With respect to 
estimation of the expermmental error and the weight- 
mg of data, this does not constitute an argument 
against the v versus v/S plot when only the error in v 
needs to be considered, as 1s most often the case In 
the v versus v/S plot an error m v simply displaces the 
expeirmental pomt along a line through the origin that 
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Fig 2 Comparison of the same (hypothetical) data in a l/» versus 1/S plot 
(4) and a » versus v/S plot (B), showing that (1) points that are equally dis- 
tributed in the inverted plot correspond to an unfavourable distribution of 
rates actually measured, and (2) a limited set of results that do not allow 
extrapolation, that is 


the points on the lower pait of curve B are over- 
The arrows and the zones within the 
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represents a particular substrate concentration The 
displacements are mdicated by the arrows in Fig 24 
and 2B, where the dotted lines show the zone m which 
the experimental pomts are found when subject to a 
maximum error of +5 per cent It may be noted 
that m the v versus v/S plot this zone runs parallel to 
the theoretical curve m contrast to the inverted plot 

In view of the reasons discussed above, 16 would 
seem then that there 1s no real basis for the continued 
use of the mverted plots 

This mvestigation was supported by grant number 
C2289(C5) from the National Cancer Institute, 
National Institutes of Health, US Public Health 
Service 

B H J HorsrEE 
Palo Alto Medical Research Foundation, 
Palo Alto, Cahforma, US A 
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THERE seems to be some confusion here between 
two things which are in 1ealiby quite distinct, namely, 
(a) the choice of the series of substrate concentrations 
which will grve the best results, and (b) the best 
method of plotting the results obtained These are 
largely mdependent one 1s free to select the best 
series of concentrations without even knowmg which 
method of plotting will be used, and when the results 
have been obtained one is free to plot them by 
either method 

With iegard to the choice of substrate concen- 
trations, we have m fact made no recommendation 
that the series should give equally spaced points on 
the reciprocal plot (namely, ‘‘equal increments of 
1/9"), as Dr Hofstee seems to imply, nor do we 
recall any such recommendation by others On the 
contrary, our statement that it 1s advantageous to 
have a concentration of points near the left-hand 
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side of this plot umplies approval of some such series 
as "equal increments of pS " 

With regard to the method of plottmg, both 
methods are of course perfectly valid, and 1t 1s our 
belief, based on experience of plotting results m both 
ways, that there 1s not a great deal to choose between 
them This is where we differ from Dr Hofstee, 
who believes that plot B (Fig 2) 1s so greatly superior 
to plot A that there 1s no reason for the contmued 
use of the latter 

The purpose of plotting 1s twofold (a) to determine 
Ky and Vm, and (b) to check that the system obeys 
the Michaelis equation (‘hnearity’, that is, of the 
graphs) By actual use, we find that the two methods 
are about equally good in both respects , the accuracy 
of determmation of the constants from a given set of 
results 1s about the same, and ib seems to us that 
deviations from hnearity are revealed almost equally 
well by the two methods We venture to think that 
if the reader will plot a few cases in both ways he 
will come to the same conclusion 

A main argument for plot B seems to be that a 
series of concentrations of the kmd commonly 
preferred will give a more uniform distribution of 
pomts along the straight lme than in the case of 
plot 4 It does not follow, however, that such a 
uniform distribution of pomts will give the most 
accurate results, for we would pomt out that the 
position of a straight lme is determmed much more 
precisely by points near its ends than by pomts near 
its centre 

Our main reason for preferrmg plot A 1s that one 
can readily identify the different pomts with par- 
ticular substrate concentrations, and so see what 1s 
takmg place This ıs not the case with plot B, 
which has no scale of substrate concentrations , the 
quantity which ıs plotted depends both on the arbi- 
trarily fixed concentration and the resulting observed 
velocity, so that ıt 1s necessary to perform a division 
sum to discover what substrate concentration 
corresponds to a given point Any error in v affects 
both co-ordinates, displacing the pomt obliquely 
Also rather more calculation 1s involved m the actual 
plottmg by this method We thmk that many 
workers will continue to use plot A, the mverted, or 
as we would prefer to call ıt, the reciprocal plot 


MALCOLM Dixon 
Epwin C WEBB 
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TWO-DIMENSIONAL HIGH-VOLTAGE PAPER ELECTRO- 
PHORESIS OF AMINO- AND OTHER ORGANIC ACIDS 


By Dr. D GROSS 


Tate and Lyle, Ltd , Research Laboratory, Keston, Kent 


Amino-Acids 


T had been demonstrated before! that the applica- 
tion of high potential gradients to the eleotro- 
phoresis of amino-acids leads to sharp separations 
after comparatively short running tunes It was felt, 
however, that a higher degree of resolution and greater 
‘certainty of identification of the separated com- 


pounds could be attamed by the adoption of a two- 
dimensional technique, that 1s, subjecting the sample 
to electrophoresis on the same sheet under two dif- 
ferent pH. conditions with consequently differmg 
migration patterns 

A two-dimensional technique for the separation 
of ammo-acids has been described by E L Durrum!, 
who obtamed encouraging results with mixtures of 
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Fig 1 Two-dimensional lugh-voltage electrogram of amino-acids 
Conditions first direction (bottom to top), Whatman No 3 MM, 
121n x 224 in 0 76 M formic acid, pH 2 0, 100 Vjem, 6 5 
m amp jem cooling wate: temperature 16°C , pressurel 5 Ib [m *, 
35 min , acidified ninhydrin reagent (0 5 per cent w/v) in acetone, 
10 ugm of each amino-acid, second direction (right to left), 
0 05 M sodium borate solution, pH. 9 2, 80 V jem , 09 m amp jem , 


20 nun 
Amino-acids — a-AB, a-amino-butyric acid,  B-4B, f-amuno- 
butyric acid, y-dB, y-amino-butyric acid, AL, a-alanme, 


AR, aiginine, AS, aspartic acid, ASE, 

asparagine, CJ, citrulune, CY, cystine, GL, glutamic acid , 

Y, glyeme, HI, instidme, HLY, hydroxylysme, HPR, 

hydroxy-proline, LA, lanthionime, LE, leucine, LY, lysine, 

ME, methionine, MESO, methionine sulphone, OR, ornithine , 

PHA, phenyl-alanine, PR, proline, SE,senne, 2'H, threonine , 
TRY, tryptophan, TY, tyrosine, VA, valine 


B-AL, B-alanine , 


up to 13 ammo-acids, a potential giadient of 30 V /em 
and a iunnmg time of 5 hr Several authors? have 
since 16ported modifications to this technique employ- 
ing relatively low voltages, but without an apparent 
significant merease in 1esolving power, expediency or 
speed of operation A recently constructed apparatus 
of sufficient width and impioved cooling efficiency 
made the application of high potential gradients 
(100 V jem and greater.) to two-dimensional separa- 
tions of amino-acids possible’, and the technique has 
since been improved and usefully employed ın several 
investigations 

The procedure found most practical is as 
follows a sheet of filte paper, Whatman No 
3MM, 12 ın x 221 in, is soaked imm a 0 75 M 
formic acid solution of pH 2 0 and blotted to 1e- 
move excess moisture The sample is applied as a 
streak of $ m width, the sheet placed m the electro- 
phoretic apparatus (sandwich type, top and bottom 
cooling plates, 13 m x 20 in, strictly controlled 
pressure) and connected through a ‘Cellophane’ 
membiane? at each end with the thick pape: pads 
dipping into the electrolyte vessels It ıs run for 
up to 40 mm, dred for 10 mm at 90°C and 1 hn 
m a stream of cold an to 1emove most of the formic 
acid 1esidue, tirmmed to a length of 12 in , according 
to a developed guide-strip showmg the effective 
Jength of separation, and sprayed lightly (approx 
135 per cent mowtme) from an atomizer with a 
0 05 M sodium boiate solution of pH 9 2 It 1s then 
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turned though 90°, placed carefully m the apparatus, 
connected by two 12 in x 6 m paper strips to the 
thick paper pads and thus to the electrode vessels, 
the joms being made by fillmg m the small gaps 
between sheet and strips with a slurry of cellulose 
powder (Whatman, standard giade) mm borate solu- 
tion Sunple overlapping interferes with efficient 
cooling and steadiness of moisture-level m the sheet 
After completion of the second iun, at 100 V [em 
for 20 mm, the sheet is detached fiom the con- 
necting strips, dried for about 15 mm at 70°C and 
sprayed with a 0 5 per cent (w/v) nmhydim solution 
m acetone, acidified by the addition of 3 per cent 
(v/v) of glacial acetic acid It 1s advisable to place 
the sheet for spraymg with borate solution on a 
frame provided with a mid of nylon thread and to 
handle moist electrograms with rubber gloves thi ough- 
out, to avoid interfermg finger maiks 

Fig 1 shows the pattern of 27 amino-acids and 
amudes separated by this technique 

The position of glutamme comeides with that of 
methionme and, if the presence of both 1s suspected, 
16 was found practicable to treat the apphed sample 
with two drops of 30 per cent hydrogen peroxide 
before the first run, to convert the methionine to 
methionine sulphone! which is well separated from 
glutamme The treatment only works m an acid 
medium Taurme and cysteic acid can easily be 
separated from all the othe: ammo-acids at pH 2 0 
and ther identification requnes no confirmation by a 
run at a different pH In this case, they would be 
below tiyptophan, separated by a wido gap from ıt 
and from one another The position of tryptophan 
at pH 2 0 was always found as shown and not, as 
J K Whitehead reported’, near glycine 

Fig 2 demonstrates the application of the technique 
to a commercial sample of acid-hydrolysed casem 
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Fig 2 Two-dimensional high-voltage electrogram of a casem 
ydrolysate 
Conditions — first direction (bottom to top), Whatman No 3 MM, 
12 in x 22: m, 0 76 M formic acid, pH 20, 100 V/cm, 
6 mamp/em, coohng water temperature 10°C, pressure 
15 tb jin*, 40 min , ninbydrm reagent as in. Fig 1, 250 ugm 
of hydrolysate, second direction (right to left), 0 05 M sodium 
borate solution, pH 9 2, 100 V/cm, 95 m amp /em , 20 mn * 
Amuino-acids asin Fig 1 
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Most of the common ammo-acids can be identified 
by them positions, the appearance of some spots 
in unusual positions may be due to the presence of 
peptides or other nmhydrin-reactrve compounds No 
attempt has been made to identify the compounds 
agamst which question marks are placed The partial 
overlapping of valme and leueme (or the leucines) 1s 
due to ther relatively high concentrations The slight 
difference in nugration distances in the second dueo- 
tion 1s due to a lower temperature and moisture 
content of the sheet Under standardized conditions 
the degree of reproducibility of the spot patterns 18 
usually high The time for the separation of less 
complex mixtures can be reduced in many cases to 
about one half 


Other Organic Acids 


As & result of a systematic study of the migration- 
rates of non-volatile orgamic acids under varying 
conditions of pH, iome strength and composition of 
background electrolyte’, ıb was found possible 
to improve greatly the iesolution of complex 
mixtures by choosmg three well-tested buffer o1 
electrolyte solutions of pH 2 0, 4 0 and 8 9 with 
advantageous differences in rate and sequence of 
migration. 

With the availability of an improved electro- 
phoretic apparatus of sufficiently large dimensions’, 
the feasibility of a two-dimensional technique became 
apparent and was successfully tried The two- 
dimensional technique, as in paper chromatography, 
allows the best use of the resolving power imberent 
m the electrolyte systems chosen, particulaily in con- 
junction with the appheation of a high-voltage tech- 
nique ensuring clean separations with a mmimum of 
diffusion and hquid flow effects This high degree 
of resolution ıs particularly desirable when dealing 
with a multitude of organic acids as potentially 
present in complex biological and plant extracts 
The previously deseribed? 0 75 M forme acid solu- 
tion, found most suitable for the separation of strong 
and moderately strong acids from weak acids, has 
the disadvantage of largely suppressmg the .0nza- 
tion of the weak acids, with attendant loss of 
mobility 

At higher pH. values the degree of 1iomzation 
mereases appreciably and with it the mobilities of 
the weak acids, which makes separation and identrfica- 
tion of the mdividual acids based on ther varymg 
mugration-rates feasible Two electrolyte solutions, 
namely, a 0 5 M acetic acid solution adjusted with 
pyridine to pH 40, and an approximately 0 1M 
ammonium carbonate solution of pH 8 9, were found 
to offer suitable variations ın migration-:ates without 
the formation of multiple spots resulting from partial 
dissociation Ammonium carbonate solution had 
proved its usefulness in the electrophoresis of organic 
acids, volatile fatty acids® and some non-volatile 
ogame acids’? 

The procedure adopted followed closely that 
developed for the two-dimensional sepaiation of 
amino-acids The first run was at pH 8 9 and the 
second run at pH 4 0 or 20 The sheet was soaked 
in the electrolyte and blotted before streaking the 
sample over a width of 2 5 em, run and dried for 
15 min at 90? C Before the second run, the electro- 
lyte was lightly sprayed from an atomizer on both 
gides of the paper sheet tv a sufficient degree of 
moistness (about 135 per cent on dry paper) to ensure 
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electrical conductance without displacing the partially 
separated acids 

Runs of 25-mm duration m each direction were 
found appropriate under the electrical conditions 
chosen, though with less complex mixtures the time 
can be reduced to 15 min for each run The sheet 
was died after the second run for 10 min at 85°C 
and kept for 1 hr in a stream of cold air to remove 
the residual acetic acid (formic acid required at least 
3 hr) before bemg sprayed with a surtable reagent 
The choice of a useful reagent for organic acids i8 
restricted to mdicator solutions of relatively high 
sensitivity (provided the background has been cleared 
of residual traces of free acids or bases) and low stab- 
ihty of colours and chemical reagents producing a 
colour due to the presence and pH of the acid on 
the paper and subsequent heating The strength of 
such à reaction varies with the type of acid present, 
and its sensitivity is usually lower than that of an 
mdicator reagent, but the stability of the colours 
is much higher and the presence of traces of residual 
electrolyte ıs not so critical 

Of the many reagents tried, the anilme-glucoso 
reagent with heating at 115°C was found to give 
satisfactory results for most acids, and the ferric 
chloride — potassium ferricyanide reagent! without 
heating proved useful for syringic, lactic, glycollic 
and tartaric acid 

A 0 025 per cent solution of bromocresol purple 
m ethanol-water (75 25) provided a useful and sensi- 
tive indicator reagent which could also be apphed 
prior to spraymg with the anihne-glucose reagent, 
the latter providing a permanent iecord of brown 
spots on a near-white background Pierie acid, a 
coloured compound, was used as a marker to mdicate 
the progress of migration 

An example of a separation of twenty organic 
acids is Wlustrated by the electrogiam in Fig 3 

Thanks are due to Mr R W Butters for valuable 
technical assistance, Mr D G Harrison for skilful 


25 min 
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pH 8 9, 
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Fig 3 Two-dimensional separation of organic acids by high- 
voltage electrophoresis 
Conditions first direction (bottom to top), Whatman No 3 MM, 
12 in x 22k in, approx 01 Af ammonium carbonate solution 
(7 9 gm /1), pH. 8 9, 70 V [em , 8 2 m amp jem , cooling water 
temperature 12°C , 1 5 Ib jin ®, 25 min , second direction (right 
to left), 05M acetic acid adjusted with pyridine to pH. 4 0, 
100 V/em , 10 mamp/em , 25 min , 50 ugm of each acid 
Spraying reagent glucose-aniline (approx 2 per cent of each) 
in ethanol-water (2 8) 


Organic acids AD, adipic, AS, ascorbic, CT, citric, CIO, 

eit"raconie, FU, fumane, GLUT, glutane, GLYC, glycollic, 

IT, itaconic, LA, lactic, DAH, levulinic, MA, malic, MAO, 

malonic , MEC, meconic, MES, mesaconic, PI, pene, PLC, 

pyrrohdone-carboxylio, PY, pyruvic, SU, succime, T-AC 
trans-aconitic, TAR, tartaric 
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ACTION OF MANGANESE DIOXIDE ON SIMPLE 
CARBOHYDRATES 
By Dr. J. L. BOSE, Da A B FOSTER, Pror M STACEY, F.RS, and 


Da J M. WEBBER 
Chemistry Department, The University, Birmingham, 15 


NDER mid conditions, manganese dioxide 
(MnO,) selectively oxidizes af-unsaturated alco- 
hols to the correspondmg carbonyl eompounds!, 
N-alkyl and N,N-dialkylanilmes are also attacked, 
yielding amides? — Elevation of the temperature 
(710—120?) results 1n & reduced selectivity of oxidizmg 
action and a variety of reactions have been ob- 
served!?, some of which were carried out m aqueous 
media We now report a prehmmary qualitative 
survey of the action of manganese dioxide on simple 
carbohydrates 
Inrtially the activity of manganese dioxide pre- 
paiations obtamed by the followmg methods were 
compared (1) alkal-permanganate’, (2) acid-per- 
manganate*, (3) decomposition® of manganese oxalate 
at 250°, (4) decomposition’ of manganese carbonate 
at 250°, (5) preparations (1)-(4) after nitric acid 
treatment? The alkah-permanganate product gave 
an aqueous extract pH c 10 even after multiple 
treatments with water, but the remainder gave 
neutral extracts Three reaction conditions were 
employed m which a solution of the carbohydrate 
(50 mgm ) 1n water (1 5 ml) was vigorously shaken 
with manganese dioxide (A) 50 mgm at 50° for lhr, 
(B) 50 mgm at 95-100? for 1 hr, (C) 150 mgm at 
95—100? for 1hr These 1ati0s of oxidant to substrate 
are considerably lower than those often used with 
other types of compound! The filtered solutions 
were examined by (1) paper chromatography (down- 
ward irrigation with the organic phase of a butanol/ 
ethanol/water (4 1 5) solvent system), (2) paper 
10nophoresis (enclosed strip technique’) with a borate 
buffers pH 10 and an acetate buffer pH 5 and detec- 
tion with anime hydrogen phthalate’ and alkaline 
silver mirate! Identification of products must be 
considered tentative, although the appheation of 
chromatography and ionophoresis m conjunction 
permits a more certain identification! The cham- 
length of each acid formed in the oxidations was 
determined by ionophoresis m acetate buffer, and 
mobilities expressed as Maa values (GA = gluconic 
acid) give the sequence glucome acid 1 00, arabonic 
acid 109, erythrome acid 1 27, glycerie acid 1 54 
and glycolic acid 1 77 
Shght differences were observed 1n the effect of the 
various manganese dioxide preparations on glucose 
and fructose The subsequent results were obtained 
with manganese dioxide prepared from the carbonate 
since it 1s the easiest and cheapest to prepare 
Aldoses and related compounds From Table 1 16 
may be seen that the hexoses yielded pentoses 


together with acidic products The hexose — pentose 
conversion i8 not a normal oxidation pathway of 
sugars, although ıb can be effected by glycol cleavage 
reagents!?, and armmo-sugars may be degraded to 
pentoses by nimhydrm!* Both hexose and pentose 
were obtamed enfer aha from the heptose The sus- 
ceptibility of erythrose to oxidation was quite 
striking, ıt reacted completely under conditions B 
and C and hence did not appear as an oxidation 
product of the higher sugars other than of pentoses 
under condition A 

When galactose was treated under condition A 
with manganese dioxide, obtained from the alkah- 
permanganate reaction, m addition to the products 
shown m Table 1 traces of erythrose could also be 
detected, and under condition B  epimmenzation 
occurred yielding talose and tagatose This obseiva- 
tion is not surprismg in view of the alkalinity of the 
reaction solution 


Table 1 OXIDATION OF ALDOSES AND DERIVATIVES WITH MANGANESE 
DIOXIDE 























— | 
Reaction 
Aldose condition Products* 
Galactoset A Galactose, trace lyxose 
B Galactose, lyxose, traces of 
5C and 4C acids 
[5] Galactose, lyxose 0C, 50, 4C 
and 3C acids 
D-Glycero-D-galacto- A Heptose, trace mannose 
heptose B,C Heptose, mannose, traces of 
arabinose and 6C acid 
Riboset A Ribose, trace erythrose, 40 
ACI 
B,C Ribose, arabinose, 5C, 4C and 
30 acids 
Erythrose A Erythrose, 8C acid 
B,C 40, 3C and traces of other 
| ! acds rune completely 
oxidized | 
2-Deoxy-D- ! 
'galactose' A,B,C | Traces of unidentified 
2-Acetam1do-2- | “products 
deoxy-D-glucose 
8-O-methyl glucose A 3-O-methyl-glucose, trace 
2-0 methylarabinoss, 6C 
ach 
B,C 3-O-methyl-glucose, 2-0- 
methyl-arabinose, 6€ acid 
Rhamnose A Rhamnose, 5-deoay-arabinose, 
50 acid 
B,C Rhamnose, 5-deoxy-arabinose, 
5C, 4C, 30 acids 
2-Ammo-2-deoxy-D- A, B,C | Complex mixture of products 





glucose hydrochloride: | 
i 


* Traces of unidentifled compounds were detected mm several cages 
and manganese 10ns were invariably present This comment is also 
applicable to the resuita in Tables 2 and 3 

+ Parallel results with glucose, mannose and other hexoses . 

t Parallel results with xylose and arabinose 
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Table 2 ACTION OF MANGANESE DIOXIDE ON SOME REDUOING DISAC- 
OHARIDES 
Reaction 
Disaccharide Innkage | condition Products* 
Sophorose B1—2 A,B,C | Insignificant reaction 
Laminaribiose | 81— 3 A Laminaribiose, trace 
(Mo 0 66) G-A (Ma 0 33), trace 
acid P (Mea 0 78) 
B,C Laminaribiose, G-4, 
P, glucose, arab- 
1nose 
Maltose (Mo alo A Maltose, trace Q-A (M6 
0 30) 4 2 s trace G-7 (Maa 
B,C Maltose, G-A, G-TT', 
glucose 
Cellobiose B1—4 A Cellobiose, trace G-A 
(Me 0 26) (Ma 0 57), trace @-7' 
(Maa 0 77) 
B,C Cellobiose, G-A, G-7, 
glucose, arabinose, Q 
(Me 0 30) 
Mehbiose al-—6 A Melibiose, trace Gal- A 
(Me 0 74) (Ma 0 87), trace R 
(Me 0 42) 
BC Gal-A, R, trace acid S 
(Moa 0 94), trace 





galactose and lyxose | 








* Q-A indicates glucosvi-arabinose G—7' indicates glucosyl-tetrome 
acid — Gal-A indicates galaetosyl-arabinose Më value is the iono- 
phoretie mobility in borate buffer with respect to that of glucose 
(ref 11), Re value1s the paper chromatographic mobility with respect 
to that of glucose 


Enhanced 1esistance to oxidation is conferred by 
the absence of a C,hydroxyl gioup (2-deoxy-p- 
‘galactose’) and substitution at C, (2-acetamido-2- 
deoxy-n-glucose) The results with 3-O-methyl-p- 
glucose and rhamnose indicate that manganese 
dioxide oxidations might have some value for the 
synthesis of, for example. O-methyl- and deoxy- 
pentoses Although a chromatographic separation of 
the product would be necessary, application of this 
technique is also frequently essential m the more 
classical synthetic methods 

Reducing disaccharides In exammuing the behaviour 
of disaccharides with manganese dioxide the analyt- 
ical methods noted above were supplemented as 
follows The acidic products were separated from 
the neutral components by absorption" on ‘Deacidite 
FF 530 (CO, form) followed by elution with 
ammonium carbonate The neutral and acidic 
products were then hydrolysed separately with 
2 N -hydrochloric acid at 95-100° for 3 hr, and after 
neutrahzation with methyl di-n-octylamime, the 
hydrolysates were exammed by chromatography and 
10nophoresis 

From Table 2 ıt ıs seen that the disaccharides 
yielded less complex mixtures on oxidation than did 
the aldoses The 1—-2 hnked disaccharide (sophorose) 
was largely unaffected by manganese dioxide, where- 
as the 1— 3, 1 — 4 and 1 — 6 hnked disaccharides 
were each. degraded to give mamly a glucosyl-pentose 
together with a small amount of apparently a gly- 
cosyl-glycome acid Small amounts of hexose and 
pentose were also formed, but no 6-carbon or smaller 
acids As might be expected from the aldose oxida- 
tions, glucosyl-tetroses did not accumulate on oxida- 
tion of the 1 — 4 and 1 — 6 linked disaccharides The 
use of a large exeess of oxidant did not completely 
convert maltose mío rts oxidation products These 
results suggest that manganese dioxide oxidation 
might provide & convenient method for converting 
suitable hexosyl hexoses into hexosyl-pentoses 
(Glycol cleavage reagents might also be used for this 
purpose”) Although a column chromatographic 
separation would be necessary to isolate the required 
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product, it should be noted that, with the 1 — 3 and 
1— 4 hnked glucosyl-glucose oxidation mixtures, 
the markedly different Mg values of the glucosyl- 
glucose and tho glucosyl-pentose create an ideal 
situation for the apphleation of borate-chaicoal- 
‘Celite’ chromatography’ Further, the sensitivity 
of the 1—-3 Imked disaccharide  (lamimnaribiose) 
towards lune-water permits!’ complete destruction 
of unoxidized disaccharide, leaving the 1 — 2 linked 
glucosyl-pentose unaffected 

Ketoses and mascellaneous compounds From Table 3 
ib 18 seen that fructose variously yielded -tetrose or 
underwent epimerization in addition to the formation 
of acids — Inosose, sodium gluconate and glucurone 
were readily oxidized, but most of the products of 
these reactions have not been identified and they 
ale bemg actively mvestigated The conversion of 
hexitols to hexoses and pentoses is of unterest The 
symmetrical hexitols (galactitol and mannitol) gave 
a single hexose and pentose, whereas gluertol gave 
two hexoses and two pentoses, indicatmg attack at 
both ends of the carbon chain 

Tt is clear that a wide range of carbohydrates is 
attacked by manganese dioxide and that a variety 
of oxidation pathways 1s operative Some of the 
reactions may be of potential value for the preparation 
of otherwise maccessible carbohydrates 

A number of commercially available oxides were 
also examuned foi action on galactose and fructose 
under condition A 

Zme oxide (ZnO), cadmium oxide (CdO), nickel 
oxide (N1,0,) and black and grey cobalt oxide 
(Co,0,—Co,0,) caused shght eprmerization 

Zirconium dioxide (ZrO,) and lead oxides (PbO. 
PbO and Pb,0,) showed weak manganese dioxide- 
type properties (namely, galactose — lyxose), but 
PbO and Pb,O, effected shght epunerization There 
was negligible effect on fructose Under condition B 
almost complete destructive oxidation of the sub- 
strates occurred with the lead oxides : 

The followmg oxides displayed no oxidative action 
HgO (red and yellow), Hg,O, UO, CuO, CuO, 
B1,0, SnO, SnO, MoO, Nb,O, Y,0, Sb.0;, 
Fe;,O; Fe,O,, GeO,; VO, Cr,O,, 110, 


Table 3 OXIDATION OF CARBONYL-CONTAINING AND OTHER CARBO- 
HYDRATES 


i Oxidation 


Compound condition 


VoL 184 





Products 





! Fructose, tetrose, 5C acid 

| Fructose, glucose, mannose, 
60, 50, 40 and 8C acids 

Inosose, mixture of acids and 
reducing acids 

No significant effect 

Glucuronic acid, trace of 4C, 
3C acids, dicarboxylic acid and 
other unidentifled components 

Gluconic acid, reduemg acid, 
trace arabinose 

Gluconie acid, reducing acid, 

* arabinose, umdenítified com- 
ponents 

Glucaric acid, traces of re- 
ducing and acidie products 

Galactitol, trace galactose 

Galactitol, galactose, lyxose 

Glucitol, trace glucose and 
gulose 

B,C Glueitol, glucose, gulose, 
xylose and arabinose 

Traces of unidentified products 


Fructose* A 
B,C 
Inosose A,B,C 


Sodium glucuronate f A 
B,C 





Sodium gluconatet A 


Potassium glucarate 
Galactitol$ 
Glueitol 


Methyl a-p-gluco- 
pyranoside 

Sucrose A Sucrose, trace of reducing com- 
ponent S (Ma 0 41) 

Sucrose, S, glucose, fructose 


and acid T (Mea 0 73) 




















Parallel results with (*) sorbose, (1) glucut one, (t) glucono-é-lactone, 
(8$) mannitol 
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We thank Miss B Parkinson for expermental 
assistance 
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CROSS-LINKING OF CELLULOSE ACETATE BY IONIZING 
RADIATION 


By Ds. S. H. PINNER, T T GREENWOOD and D. G. LLOYD 


Tube Investments Research Laboratories, Hinxton Hall, nr Cambridge 


ECENT studies on the polymerization induced 
by radiation of allyl esters have revealed that 
the conversion-rate ıs markedly mereased in the 
presence of polyvinyl chloride, while at the same 
time the polyvinyl chloride acquires a high density 
of eoss-hnking! Polyvmyl chloride belongs to the 
class of polymers which undergo cross-hnking by 
r&distion*, so that the presence of the allyl ester 
serves to enhance the action of the radiation but no 
alteration of mode ıs involved It is known that 
such alterations ean occur, for example, ın the 
presence of oxygen, many polymers which are norm- 
ally cross-lmked by radiation may become degraded? 
An artificial means of rendenig a change in the 
reverse direction constitutes a worth-while objective, 
as the benefits of cross-lmking could then be extended 
to a large class of polymers such as polyzsobutylene 
and cellulose derivatives, but such means have not 
hitherto been described 
The enhancement of the density of cross-hnkmg 
in. polyvinyl chloride by the presence of the allyl 
ester was of such magnitude that ıt seemed feasible 
to cross-link by 1adiation, m this way, those polymers 
the normal response of which to radiation 1s degrada- 
tion Experments with polyzsobutylene and poly- 
methyl methacrylate have given ostensible evidence 
of eross-Imking while with secondary cellulose acetate 
the results leave no shadow of doubt that heavy 
cross-hnking can be achieved This polymer, hke 
polyvinyl chloride, 1s normally plasticized to facilitate 
processmg and advantage could thus be taken of the 
plastıcızıng action of the allyl ester 
The most obvious effect of replacement of normal 
plasticizers ın cellulose acetate by a convertible 
plasticizer such as triallyl citrate was that irradiation 
caused a pronounced merease m tensile strength 
This ıs shown m Fig 1, where the tensile strength 
at room temperature of a composition initially con- 
tammg 32 per cent triallyl citrate is given as a 
function of the radiation dose, using 2-MeV electrons 
fiom the scanned beam of a Van de Graaff accelerator 
As shown in the accompanymg curve, normally 
plasticized cellulose acetate exhibited no change in 
tensile strength over the dose-range studied, despite 
the radiation damage which was betrayed by darken- 
ing, bubbling and reduction m. ultimate elongation 
Elevation of the tensile strength at room tempera- 
ture provided evidence for the polymerization of the 
triallyl citrate but not, ın itself, of cross-hnlung of 
the cellulose acetate The accepted criteria for cross 


hnkmg are non-fusibihty, non-solubihty and re- 
versible high elasticity Measurements of fusibihty 
were inappropriate in the present instance because 
of the high melting pomt of secondary cellulose 
acetate (c 300?) (ref 4) Measurements of rubber-like 
behaviour were similarly thwarted by the mherent 
stiffness of cellulose acetate chains, and only solubility 
and swelling criteria can be employed As 1s well 
known, secondary cellulose acetate can be dissolved 
rapidly m acetone By contrast, wradiated solid 
solutions of secondary cellulose acetate in triallyl 
eirate were highly resistant to acetone This is 
shown in Fig 2, where for a composition contammg 
32 per cent triallyl citrate, the gel fraction (24 hr 
Soxhlet extraction with acetone) and the swelling 
mdex (24 hr in acetone at room temperature) are 
given as a function of dose Even & dose as low as 
10 Mrads has sufficed to confer a considerable degree 
of solvent resistance, matching that of similarly 
eross-hnked polyvinyl chloride 

For the purpose of explormg the mechanism 
whereby cellulose acetate has been rendered insoluble, 
1t was desirable to measure the rate of polymerization 
induced by radiation of the triallyl citrate Such 
measurements in the solid state pose a number of 
problems Physical methods are generally superior, 
and density, spectroscopic and relaxation methods 
have been used’ In the present instance, the rate 
of conversion of the ester has been followed using 
a Beckman DK2 spectrophotometer Solutions of 
tmallyl citrate im acetone were used to construct a 
calibration curve relatmg the absorbance of the 
l 6255 allylic absorption band with the allyl con- 
centration and this curve led, with appropriate 
corrections, to values for residual allyl concentration 
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Fig 1 Tensue strength ofirradiated cellulose acetate @, Norm- * 
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Fig 2 Solubility and swelling of irradiated cellulose acetate 


€, Gel fraction (24 hr Soxhlet, acetone), ©, swelling index 


(24 hr acetone, 25°C ) 


im mradiated sohd solutions of cellulose acetate m 
inallyl citrate The results are shown m Fig 3, 
whence, allowing for mutial scatter, ib 1s apparent 
that the disappearance of allyl 1s essentially propor- 
tional to dose up to at least 50 per cent conversion 
and that the slope 1s essentially mdependent of con- 
centration 

The average mihal allyl disappearance-rate was 
0 202 micromole per gram per megarad, correspond- 
ing to G (-allyl) = 200 Correspondmg figures for 
the electron-mduced homopolymerization-rate are not 
available, but m view of the relatively small intensity 
dependence of allyl polymerization, comparison may 
be made with the rate of homopolymerization mduced 
by y-rays, which at an intensity of 11,700 rads/min 
gives G (-allyl) = 103 (Wycherley, V, unpublished 
work) It follows that while some enhancement 
of conversion-rate 1n the presence of cellulose acetate 
has occurred, the offect 1s small 

As an imitial hypothesis, 16 may be considered that 
the components of the sohd solution of cellulose ace- 


Allyl concentration (ymole/gm x 10%) 











Dose (Mrad) 


e Fig 3 Variation of allyl concentration 1n cellulose acetate gels 
Composition containing ©, 45 per cent triallyl citrate, €, 32 
per cent triallyl citrate, ©, 16 4 per cent trially! citrate 
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tate m tmallyl crtrate iespond independently to 
radiation 1n their characteristic fashion The hexa- 
functional monomer when irradiated alone has 
yielded gel at approximately 10 per cent conversion 
(Wycherley, V, unpubhshed work) The rate of 
radiolysis of cellulose acetate has not been reported, 
the closest approximation bemg the fracture-rate for 
irradiated cellulose, which has been given as G (frac- 
ture) = 11 (ref 6) If these processes are super- 
imposed, ıb follows that the cellulose acetate com- 
ponent will be progressively rendered insoluble by 
irradiation of the mixture if ıt becomes attached to 
the allyl network at a rate exceedmg that of radio- 
lysis The mode of attachment is sunply that of 
muitiation of an allyl chain, and ıt xemaans to consider 
semi-quantitatively the probable rate of mutiation 
by polymeric cellulose acetate radicals relative to 
that of scission. 

The ratio of frequency of chain transfer to frequency 
of propagation during normal polymerization of allyl 
esters hes m the range 10-20 (ref 7) Takmg the mean 
for triallyl citrate leads to G (cham initiation) ~13 
Since the condition for cross-lmkmg is that the 
probabihty of forming cross-hnkimg units should be 
at least half the probability of dishnking, that is, 
Pollo < 2, the mmimum G-value for junction pomt 
formation on the cellulose acetate in order for gel 
to accumulate ıs b 5 While 15 is entirely reasonable 
that the G value for radical formation produced by 
radiation m cellulose acetate might equal 5 5, such 
a rate of mutiation could only lead to very slow 
aggregation of the gel In pomt of fact, gol aggrega- 
tion 18 rapid (see Fig 2), which 1s more consistent 
with a value of g, exceedmg po While G values for 
1nitiation by cellulose acetate as high as 10-15 cannot 
be ruled out, on present limited data, such primary 
imntation-rates seem abnormally high and it is more 
hkely that a supplementary contribution is made 
by a process of effective cham-iransfer, whereby a 
growimg allyl cham abstracts a hydrogen atom from 
the cellulose acetate molecule rather than from an 
allyl monomer molecule, leaving the resultant macro- 
radical to re-imtiate a further allyl chain. and serve 
as a Junction point with the network In view of 
the sumilarity ın the triallyl crtrate conversion-rate 
in the presence or absence of cellulose acetate, there 
is no need, however, to postulate reactivation of 
resonance-stabihzed allyhe radicals, as was found 
necessary m. the ease of polyvmyl chloride? 

If this picture is correct, xb may be concluded that 
cross-linked cellulose acetate arises as a consequence 
of irradiation m the presence of a network-formmg 
monomer, which has & short propagation cham- 
length and serves as an efficient trap for polymeric 
radicals whether produced directly by 1adiation or 
indirectly by hydrogen abstraction. 

Ths work has been carried out m collaboration 
with BX Plastics, Ltd, and we wish to thank Dr 
R R Smith and Dr M Pettit for discussion, and 
the Chairman of BX Plastics, Ltd, and the Cham- 
man of Tube Investments, Lid, for permission to 
publish this work 
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(Meetings marked unth an asterisk * aie open to the public) 
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Monday, November 30 


ROYAL Socimry (at Burlington House, Piceacilly London, W 1), 
at 2 30 p m -—Anniversary Meeting 


INSTITUTE OF METAL FINISHING (in the Canterbury Room of the 
Charing Cross Hotel, London, W C2), a£ 245 p m-—Mr A A B 
Harvey “The Role of the Scientific Society” (Presidential Address) 


UNIVERSITY COLLEGE (in the Physiology Theatre, Gower Street, 
London, W C1), at b pm —Prof E P Kennedy (University of 
Chicago) “The Biosynthesis of Complex Iapids” * (First of two 
lectures in Biochemistry Further lecture on December 7 ) 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, 
London, W 1), at 880 pm —Dr L Pearce Willams ‘Faraday 
Through His Manuscripts” 


ROYAL GEOGRAPHICAL SoorETY (at 1 Kensington Gore, London, 


8 W 7), at 830 p m —Prof C von Furer-Hatmendorf "Sherpas of 
Eastern Nepal" 


Tuesday, December 1 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C 1), at 1 15 pm —Prof R E D 
Bishop “Vibration Problems 1n Engineering" * 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
ELECTRONICS SECTIONS (at Savoy Place, London, W C 2), at 5 830 pm 
—Dr L Essen, Mr J V L Parry and Mr J McA Steele “Fre- 
quency Variations of Quartz Oscillators and the Earth's Rotation m 
Terms of the NPL Cæsium Standard” 


UNIVERSITY OF LONDON (at Imperial College of Science and Tech- 
nology, London, 8 W 7), at 5 380 p m ——Prof H K Porter ‘“Physio- 
logy has No Frontiers” (Inaugural Lecture) 


UNIVERSITY oF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W O 1), 
at 530 pm—Dr J L Gowans ‘The Lymphocyte” * (Twelfth 
of fifteen lectures on “The Scientific Basis of Medicine" organized by 


the British Postgraduate Medical Federation Further lectures on 
December 3, 8, 10) 


PLASTIcs INSTITUTE (at the Wellcome Building, 183-193 Euston 
Road, London, N W 1), at 630pm—Mr M R E Ashenden 
“Plastics and the Law" 


ROYAL AERONAUTIOAL SOCIETY (ab 4 Hamilton Place, London, 
Wi1)at7pm-—Dr I M Hall “Transonic Flow Over Swept Wings” 


Wednesday, December 2 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C1), 


at 5 pm —Mr E M L Beale ‘Confidence Regions in Non-Linear 
Estimation” 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W 1),a65 830pm-—Mr J Marechaland Mr P de Radzitsky ‘“Poten- 
trahties of Urea in Dewaxing Middle and Heavy Dustillates” 


INSTITUTE OF INFORMATION ScreNTISTS (at the Berners Hotel, 
10 Berners Street, London, W 1), at 6 p m —Duscussion on “Languages 
in Information Work—T'o What Extent 1s Competence in a Foreign 
Language an Essential Qualification for an Information Scientist ?'* 


Wednesday, December 2—Thursday, December 3 


IRON AND STEEL INSTITUTE (in the Great Hall, Caxton Hall, Caxton 
Street, London, S W 1, and the Hoare Memorial Hall, Church House, 
Great Smith Street, London, S W 1), at 930 am  daily—Autumn 
General Meeting 


Thursday, December 3 


UNIVERSITY OY LONDON (in the Anatomv Theatre, University 
College, Gower Street London, WC1), at 116 pm—Mr P R 
Bell “The Origin of Indian Corn" * 


ROYAL Socrety fat Burlington House, Piccadilly, London, W 1), 
at 480 pm.—Mr F H C Edgecombe and Prof R G W Norrish, 
FRS “A Study of the Mechanism of Photochemical Electron 
Transfer Processes ın Solution", Mr I M Dawson and Mr E A © 


Follett “An Electron Microscope Study of Synthetic Graphite" 


INSTITUTE OF MARINE ENGINEERS (joint meeting with the INSTITUTE 
OF NAVAL AROHITEOTS, 10 the Weir Hall, 10 Upper Belgrave Street, 
London, S W 1), at 445° yp m —Prof G Aertssen “New Sea Trials 
on the Sandblasted Lubumbashi” 


UNIVERSITY OY LONDON (at the London School of Economies and 
Political Scrence, Houghton Street, London, W C 2), at 6 p m —Dr 
T 5. Un “Rethinking Anthropology"* (Malinowski Memorial 

ecture 


ROYAL Sooty oF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W 02), at 515 pm —Mrs Mildred Valley 
Thornton ‘Indians of British Columbia” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W 02),at530pm—Me C B B Wood and Mr I J Shelley ‘The 
Transmission of News fum over the Trans-Atlantie Cable" 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint 
meeting with the SOCIETY FOR APPLIED BACTERIOLOGY, at the Royal 
Society of Medicine, 1 Wimpole Street, London, W 1), at 615 pm — 
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Dr F Brown  "Infective Ribonucleic Acid from the Virus of Foot- 
and-Mouth Disease” 


ROYAL PHOTOGRAPHIO SOCIETY, MEDICAL GROUP (at 16 Princes 
Gate, London, 8 W 7), ab 7 p m —Sir Stanford Cade, KBE,CB, 
FRCS “What I Want from a Medical Photograph" 


Friday, December 4 


INSTITUTION OF ELECTRICAL ENGINEERS, MEDICAL ELEOTRONICS 
DISCUSSION GROUP (at Savoy Place, London, WC 2), at 6 pm — 
Discussion on ‘Nuclear Magnetic Resonance", opened by Dr N. 
Sheppard and Dr R E Richards 


SOCIETY OF DYERS AND COLOURISTS (at the Royal Society, Burling- 
ton House, Piceadilly, London, W1),at6pm--—Mr R CO Oakl 


akley : 
“Dyeing of Ribbons”, Mr R Woods “Dyeing of Carpet Yarns” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9pm--Dr H A Thomas “Electronic ‘Brains’ ” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT LECTURER IN PHYSICS—The Registrar, The University, 
Manchester 18 (November 30) 

CHAIR OF CHEMICAL ENGINEERING—The Registrar, University 
College, Singleton Park, Swansea (November 30) 

ASSISTANT LECTURER IN PuysronroaY—The Registrar, The Univer- 
sity, Sheffield (December 5) 

LECTURER IN PHYSIOLOGICAL P8YOHOLOGY—-The Registrar (Room 
22, O R B ), The University, Reading (December 9) 

LECTURER iN SOCIAL ANTHROPOLOGY, and a LECTURER IN RURAL 
SocronoGY in the FACULTY OF ECONOMIO AND SOCIAL SOIENCES— 
The Registrar, The Universitv, Manchester 13 (December 12) 

ORGANIC CHEMIST, Scientific Officer or Senior Scientific Officer 
grade IN THE DEPARTMENT OF HOP RESEARCH, for research problems 
related to the hop plant—The Registrar, Wye College, near Ashford, 
Kent (December 12) 

ASSISTANT LECTURER or LECTURER IN APPLIED MATHEMATICS— 
The Registrar, The University, Sheffield (December 19) 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF 
ZooLooY—The Registrar, The University, Liverpool (December 19), 

LEOTURER/SENIOR LECTURER (with an interest in, and qualified 
for teaching and research 1n any of the main branches of psychology) 
IN PsycHoLoey at the University of Sydney, Australhia— The Secre- 
tary, Association of Universities of the British Commonwealth, 36 
Gordon Square, London, W C 1 (Australia, December 19) 

LECTURER IN Forest PaATHOLOGY at the Waite Agricultural Re- 
search Institute—The Registrar, University of Adelatde, Adelaide, 
South Australia (December 21) 

SENIOR LECTURER IN APPLIED ANATOMY at the University of 
Adelaide, Australia—-The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W O1 
(Australia, December 21) 

SENIOR LECTURER or LECTURER IN PSYOHOLOGY at the University 
of Khartoum—The Registrar, University of Khartoum, c/o Inter- 
University Councilfor Higher Education Overseas, 29 Woburn Square, 
London, W C 1 (December 22) 

SENIOR PRINCIPAL SOIENTIFIC OFFICER (honours graduate 1n science 
with appropriate research experience) with the Hill Farming Research 
Organization, to act as Deputy to the Director of the organization and, 
in particular, to be responsible to him for the development and co- 
ordination of the programme of research carried out by the Organiza- 
tion’s scientific departments—The Secretary, Hill Farming Research 
Organization, 48 Palmerston Place, Edinburgh 12 (December 31) 

ASSISTANT LECTJRER or LECTURER in Prysics—The Registrar, 
University College of South Wales and Monmouthshire, Cathays Park, 
Cardiff (January 2) 

REAVER IN MEDICAL MICROBIOLOGY at the University of Western 
Austral.a—The Secretary, Association of Umivermties of the British 
Commonwealth, 36 Gordon Square, London, W C 1 (January 15) 

LECTURER or ASSISTANT LECTURER in PsYOHOLOGY—Ihe Regis- 
trar, University College of South Wales and Monmouthshire, Cathays 
Park, Cardiff (Janaury 16) 

SENIOR LEOTUREE and a LECTURER IN MATHEMATICS at the Univer- 
sity of Western Australia—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W C1 
(January 29) 

ADMINISTRATIVE ASSISTANT (male science graduate (preferably 
physicist) not more shan 35 years old, and interested 1n space research) 
With the Seeretariat of the British National Committee on Space 
Research—The Assistant Secretary, Royal Society, Burlington House, 
PieeadiLy, London, W 1 

ARBA CHEMIST (with high academic and/or professional quahfica- 
tions, good general experience of modern anaJytical methods, and 
preferab.y well versed 1n the technology of lubricating oils and greases. 
~The Director of Research (British Railways), British Transport 
Commission, 222 Marylebone Road, London, N W 1 i 

BroLoaist (with a good honours degree in zoology and/or botany, 
preferably a knowledge of both subjects and some postgraduate 
experience) with the Fauna Research Umit, Kenya, to cary out 
research on Kenya fauna to provide data for the building up of life 
tables, details of feeding habits, enemies, predators and diseases- 
The Director of Recruitment, Colonial Office, London, 8 W 1, quoting 
Ref No BOD 61/7/09/C1 

BOTANIST (PLANT PATHOLOGIST) (with a good honours degree in 
botany or agricultural botany, and at least two years postgraduate 
experience in plant pathology) in the Department of Agriculture 
Uganda, to diagnose the cause of crop diseases and recommen 
control measures, and to assist with the breeding of disease-resistant, 
crops-—The Director of Recruitment, Colonial Office, London, S W 1 
quoting Ref No BOD 63/9/02/C1 
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ENTOMOLOGIST, Scientific or Senior Scientific Officer (with a good 
honours degree in zoology with postgraduate traimng or experience 
in entomology) at the West African Cocoa Research Institute, Ghana, 
for reseaich on insect pests of cocoa—The Director of Recruitment, 
Colonial Office, London, S W 1, quoting Ref No BCD 197/200/02/C1 

Gross ANATOMIST (with research interests preferably, but not 
exclusively, either 1n electron microscopy or optical (especially mnter- 
ference) mucroscopy)—-The Chairman, Department of Anatomy, 
Emory University, Atlarta 22, Georgia, USA 

IRRIGATION RESEARCH OFFICER (with a university degree in agri- 
culture or a science degree with agricultural experience, and traimng 
or experience in sail physics or irrigation) in Swaziland, to carry out 
irrigation experiments on sugar cane, citrus and other crops, and to 
take charge of a new experimental statton-—The Director of Recrut- 
ment, Colonial Office, London, S W 1, quoting BCD 68/76/014/T 

LABORATORY TECHNICIAN (able to work with the minimum of 
supervision, a sound knowledge of chemistry, and some experience 
of biological techniques)-—The Adminstrator, Department of Bio- 
chemistry, The University, South Parks Road, Oxford 

LECTURER (well qualified phvsieist, and preferably with experience 
of the application of physics in industry) IN PHYSICS—The Registrar, 
Bradford Institute of Technology, Bradford 7 

MASTER to teach Chemistry, principally in the Sixth Form, up to 
scholarship standard, with some Middle School work--The Head- 
master, Umiversity College School, Frognal, Hampstead, London, 
NW3 


PLASTICS CHEMIST or PLASTICS TECHNOLOGIST IN THE DEPARTMENT 
OF MATERIALS, to assist in the organization and supervision of the 
teaching laboratories and to participate in the research activities of 
the plastics groupe The Registrar, The College of Aeronautics, Cran- 
fleld, Bletchley, Bucks 

TECHNICIAN Or SENIOR TECHNICIAN IN THE ZOOLOGY DEPARTMENT 
—The Secretary, Royal Holloway College (University of London), 
Englefield Green, Surrey 

TECHNICIAN (preferably with previous experience 1n bacteriological 
work), to work in the Virus Research Laboratory at Lodge Moor 
Iospital--Prof O H Stuart-Harris, The Royal Hospital, Shefheld 1 


REPORTS and other PUBLICATIONS 


(not included «n the monthly Books Supplement) 


Great Britain and Ireland 


The Hannah Dairy Research Institute Report for the Three Years 
ended 31st March,1959 Pp 52412 plates (Kirkhill, Ayr Hannah 
Dairy Research Institute, 1959 ) [1410 

The Needs of Youth in Stevenage a Report to the Calouste Gul- 
benkian Foundation Pp 47 (London Calouste Gulbenkian Foun- 
dation, United Kingdom and British Commonwealth Branch, 19599 


3s 
Department of Scientific and Industrial Research Road Research 
Laboratory Road Research Technical Paper No 45 Investigation 
of the Performance of Pneumatic-tyred Rollers ın the Compaction of 
So By W A Lewis Pp iv+44+4 plates. (London HM Station- 
ery Office, 1059 ) 3s 6d net [1410 
The Scottish Society of the History of Medicine Report of Proceed- 
ings, Session 1958-1959 Pp 27+1 plate (Edinburgh Scottish 
Society of the History of Medicine, 1959 ) [1410 
Report of the Hydrographer of the Navy for the year 1058 Pp 26+4 
plates (HX D 614) (London Admiralty, 1959 ) 1410 
British Cast Iron Research Association — Thirty-cighth Annual 
Report for the year ending June 30th, 1959 Pp 21+5 plates (Alve- 
UR Birmingham British Cast Iron Research Aeon 
10 
Archwes of Oial Bwlogy, Vol 1, No 1 (August, 1959) Pp 1+88 
Subscriptions (including postage) (A) For Libraries, Government 
Establishments and Research Institutions £6 (17 dollars), (B) For 
individuals who write directly to the Publisher and certify that the 
journal is for their personal use £3 10s (10 dollars) perannum (London 
and New York Pergamon Press, 1959 ) [1410 
Philosophical Transactions of the Royal Society of London Section 
A Mathematical and Physical Sciences No 1009, Vol 251 (8 
October 1959) The Electronic Absorption Spectra of NH, and ND. 
By K Dresslerand D A Ramsay Pp 553~-604+plates 3-5 (London 
Royal Society, 1959 ) 21s [141 
Council for the Preservation of Rural Wales Caernarvonshire 
Branch Fifteenth Annual Report, 1958-1950 Pp 22--4 plates (Plas 
Hoop Beddgelert W Twiston Davies, Acting Hon iini 


[ 
University of Bristol The Annual Report of the Agricultural and 
Horticultural Research Station (The National Fruit and Order Insti- 
tute), Long Ashton, Bristol,1958 Pp 188+18 plates (Long Ashton 
ele Agricultural and Horticultmal Research Station, 1350 } 


5s 

Report of the Committee of Enquiry into the Financial Structure 
of the Colonial Development Corporation Pp 111+25 (Omnd 786) 
(London HM Stationery Office, 1959 ) Is 6d net [2210 

Imperial College of Science and Technology (University of London) 
Research Report of the Royal College of Science, 1956-1959 Pp 
v+77 (London Royal College of Science, 1950 ) [2210 

Building Research Station Digest No 125 (August 1959) Small 
Undergound Drains and Sewers,2 Pp 5 (London HM Stationery 
Office, 1959 ) 4d [2210 

Young Darwin and the Orgin of Species By Dr O F A Pantin 
(Commemorative Oration delivered at the dinner given by the Master 
and Fellows of Christ’s College, Cambridge, in the College Hall on 
Tani 29 September, 1959 ) Pp 17 (Cambridge Christ’s College, 


Department of Scientific and Industria) Research Pest Infestation 
Research 1958 The Report of the Pest Infestation Rescarch Board 
with the Report of the Director of Pest Infestation Research 

ayers, plates (London HM Stationery Office, 1959 5s 
net. 2210 
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Other Countries 


European Productivity Agency of the Organization for European 
Economie Co-operation Application of Atomic Science in Agriculture 
and Food Vol 2 Present Position, Future Trends and Techniques— 
Report of the Working Conference held at OLEC Headquarters, Paris, 
July 1958 Pp 247 (Project No 396 ) (Paris European Productivity 
Agency of the Organization for European Economic Co-operation, 
1959 ) 1,300 French francs, 21s , 4 dollars, 14 50 Swiss francs [810 

Annals of the New York Academy of Sciences Vol 79, Article 4 
Modes and Natural Frequencies of Suspension-Bridge Oscillations 
By D B Stemmman Pp 109-142 2 50 dollars Vol 79, Article 5 
On the Design of Structural Models to Study the Thermal Stress 
Phenomenon By L Albert ScrpioII Pp 148-156 2 dollars Vol 80, 
Article 3 Amine Oxidase Inhibitors By D Wayne Woolley and 97 
other authors Pp 551-1045 5 dollars (New York New York 
Academy of Sciences, 1959 ) 810 

Zoology Publications from Victoria University of Wellington 
No 25 Some Additional New Zealand Cephalopods from Cook 
Strait By R K Dell Pp 12 (Welhngton Victoria University of 
‘Wellington, 1959 ) 1410 

Medwina Ezperunental, Vol 1, No 1, 1959 (International Jour- 
nal of Experimental Medicine ) Pp u+68 6 numbers per volume 
(2 volumes annually) Subsertption price per volume — 56 Swiss francs 
(Baseland New York S Kager, 1959 ) 

South African. Council for Scientific and Industrial Research 
Thirteenth Annual Report, 1957-1958 Pp xvu-2264-xix-i& 
(Pretoria South African Council for Scientifie and Industrial Re- 

search, 1958 ) [1410 

South Africa Advisory Council on Serentifle Policy First Annual 
Report, December, 1956 to 31 December 1957 Pp 5 (Reprint from 
Commerce and Industry ) Second Annual Report, 1 January to 31 
December 1958 Pp 7 (Reprint from Commerce and Industry ) 
Human Problems in the Scientific Age By Prof H O Monnig 
Pa (Pretoria Advisory Council on Scientific Policy, rion) 

Annals of the New York Academy of Sciences Vol. 82, Article 2 
Current Trends ın Research and Clinical Management of Diabetes By 
Peter H Forsham and 93 other Authors Pp 191-644 (New York 
New York Academy of Scrences, 1959 ) 4 50 dollars [1410 

New Zealand Department of Screntific and Industrial Research 
Geophysics Division Seismological Observatory Bulletin No E 135 
January to December 1954, Wellington, other New Zealand Stations, 
and Ein Pp 27 (Wellington Government Printer, 1959 ) — [1410 

Kungl Skogshogskolans Skmfter, Nr 39 — Studier Over Khmatets 
Humuiditet 1 Sverige By Olaf F S Tamm Pp 484-2 plates (Stock- 
holm Skogsbibhioteket, Skogshogskolan, 1959 ) [1410 

Bulletin of the American Museum of Natural History Vol 118, 
Article 5 A Historical Review of the Mollusks of Linnaeus Part 7 
Certain Spectes of the Genus Turbo of the Class Gastropoda By Henry 
Dodge Pp 207-258 (New York American Museum of Natural 
History, 1959 ) 1 dollar 1410 

The Carlsberg Foundation’s Oceanographical Expedition Round the 
World 1928-30 and previous “Dana” Expeditions Dana Report No 
49 Morphologie und Funktion des Kiefer- und Kiemenapparates von 
Tiefseefisehen der Gattungen Molacosteus und Photostomias (Teleostei, 
Isospondyh, Stomuatoidea, Malacosteidae) Von Klaus Gunther und 
Kurt Deckert Pp 64 (Copenhagen Andr Fred Hast & Son, 1959 ) 
Danish kr 15 [1410 

The Serentiflce Film in Germany By Gotthard Wolf Pp 80 (178 
black and white and 16 colour plates) (Wuppertal-Elberfeld Sam 
Lucas, Ltd , 1959 ) [2210 

, Chicago Natural History Museum  EFieldiana Zoology Vol 39, 
No 30 (May 22,1950) Review of the Colubrid Snake Genus Spalero- 
sopits By Hymen Marx Pp 347-361 (Chicago Chicago Natural 
History Museum, 1959 ) 40 cents 2210 
b Smithsonian Institution Freer Gallery of Art Occasional Papers, 
Vol 3,No 2 Oalligraphers and Painters a 'Tieatise by Qadı Ahmad, 
Son of Mir-Munshi (circa A D 1015/A D 1606) Translated from the 
Permar by V Minorsky With an Introduction by B N Zakhoder 
Translated from the Russian by R Minorsky Pp x+223 (Publica- 
ton 4339) (Washington, D O ' Smithsonian Institution, 1059 ) [2210 

Colony and Protectorate of Kenya Forest Department Annual 
Report, 1958 Pp n-458 (Nairobi Government Printer, 10599 

2] 


Smitnsonian Contributions to Astrophysics Vol 3, No 8 Meteor 
Trains By Robert F Hughes Pp 11-79-04 (Washington, D C 
Goverrment Printing Office, 1959 ) 20 cents [2210 

State of Ilhnoi Department of Registration and Education 
Natural History Survey Division Bulletin, Vol 27, Article 4 Food 
Habits of Migratory Ducksin inos By Harry G Anderson Pp w+ 
289-344 Biological Notes No 40  Night-Inghting—a Technique 
for Capturing Birds and Mammals By Ronald F Labisky Pp 11 
Urbana, Ill Department of Registration and lee TV 
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TAXATION OF LEARNED AND PROFESSIONAL SOCIETIES IN 
BRITAIN 


URING the past two decades, the professional 
and learned societies have encountered mereas- 

ing financial difficulties The major mstitutions no 
longer possess the mtimate and social character that 
once was theirs, and this may well be one factor that 
has encouraged the proliferation of specialist societies 
with only a hmuted range of interests Nevertheless, 
even those with a membership of several thousands 
have encountered difficulties m mammtaiming the pub- 
lication of professional periodicals, and this i8 a 
matter to which the Nuffield Foundation has given 
some attention smce 1955, m co-operation with the 
Royal Society for scientific periodicals, and the 
Biitish Academy for periodicals in the human:ties 
Moreover, there appears to be a marked reluctance 
on the part of younger scientists and technologists to 
jom the more general societies , the tendency 1s to 
support mstitutions the membership of which con- 
stitutes a professional qualification 

It 1s probably too early to assess as yet the effect 
of the concession made m the Fmance Act last year 
which allowed fees and subscriptions to professional 
bodies, learned societies, ete , not of a mainly local 
character to be clamrmed as expenses agaist income 
tax When this clause was considered m the House 
of Commons on June 17, 1958, the Financial Secretary 
to the Treasury explamed that while there was no 
logical reason to exclude the local societies, to melude 
them would place an administrative burden on the 
Inland Revenue out of all proportion to the relief to 
the taxpayer. It was estimated that the national 
societies alone probably numbered about 3,000, and 
since the subscriptions to the local societies were 
usually small, the cost to the general body of tax- 
payers was not consonant with any relief to the 
individual 

Durmg the past year, the Inland Revenue has 
examined the activities of the national societies m 
the light of the new clause, and most of the societies 
have already been able to notify their members that 
they are in a position to clam relief If 1t could be 
shown that the membership of these societies has 
appreciably benefited from this concession, 1b might 
be reasonable to re-open the question of the local 
societies and, with the position of the national 
societies already clarified, the Inland Revenue should 
not find i$ an unreasonable task to deal with the 
local learned societies 

To the professional and learned societies, however, 
the effect of this concession 1s unlikely to be great 
its mam benefit ıs to the individual member The 
concession is important, so far as the societies are 
concerned, in helpmg to offset a number of adverse 
factors agamst which most of them have been 
struggling stationary or dechnmg membership (m 
spite of the mereasing numbers of scientists and 
technologists), mountmg costs of prmting and pub- 


heation, and the steady rise m postal charges Some 
of these factors could be offset by a measure of 
rationahzation, and the pilot survey of the pub- 
hshmg and distribution practices of the learned 
periodicals carried out by Mr Robert Lusty on 
behalf of the Nuffield Foundation may be regarded 
as a step m this dnection 

A much more serious matter for the learned 
societies and professional institutions i5, however, 
the complexity of rulmgs about the payments they 
make to local authorities m the form of rates Durmg 
the past three years or more, the Parliamentary and 
Seientifle Committee has made repeated representa- 
tions to the Government on this matter, submitting, 
for example, a comprehensive memorandum to the 
Minister of Housmg and Local Government directing 
attention to anomales m the rating of both scientific 
societies and research associations Durmg the second 
reading debate of the Local Government Bill: the 
House of Commons on December 9, 1957, the Minister 
announced that he mtended to set up a committee 
to give special consideration to the rating of charities 
and similar organizations, and the chamman of the 
Parliamentary and Scientific Committee was event- 
ually informed that the terms of reference of this 
commuttee would be wide enough to permit con- 
sideration of the special position of scientific m- 
stitutions 

This committee was, m fact, appointed on January 
22, 1958, under the charmanship of Sw Fred 
Pritchard, “To review the present treatment for 
rating of hereditaments m England and Wales 
occupied for purposes of a charitable nature or for 
other similar purposes (other than hereditaments to 
which Section 7 of the Ratmg and Valuation (Mis- 
cellaneous Provisions) Act, 1955, applies), to con- 
sider m, particular the provisions of Section 8 of the 
Act of 1955 and of the Scientific Societies Act, 1843 , 
and to advise on the proper treatment for rating of 
the hereditaments withm these terms of reference” 
The Parhamentary and Scientific Commuttee sub- 
mitted a memorandum on the general lines of that 
previously submitted. to the Minister of Housmg and 
Local Government and was later mvited to submit 
oral evidence only the Royal Society also gave 
oral evidence 

The report of this Committee’, which was presented 
to Parlament im August 1959, ıs of considerable 
general scientific mterest, quite apart from the 
specific recommendations and therr effect on scientific 
or professional societies It should be remembered 
that rates are the mam source of revenue withm the 
direct control of local authorities, and rb 1s the 
occupier rather than the owner of a hereditament 


* Report of the Committee on the Rating of Charities and Kindred 
Mov E 1v +96 (Cmnd 831) (London H M. Stationery Office, 
s ne 
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who 1s ratable m respect of ıt The earliest general 
enactment still extant which exempts a specific class 
of hereditament from rates 18 Section 1 of the Scientific 
Societies Act, 1843, which covers societies instituted 
for the purposes of science, literature or the fine arts 
This section exempts such societies from rates if these 
societies are supported wholly or m part by annual 
voluntary subseriptions and do not make any dividend 
or bonus to therr members It would seem that m 
granting such exemption, Parliament mtended to do 
no more than put the buildings of such societies on 
a par with buildmgs dedicated to public purposes 

The commonest ground for loss or refusal of 
exemption, has been failure to comply with the 
condition about support by annual voluntary con- 
tributions, and in reviewing the working of the Act, 
the Commuttee gives most attention to this condition, 
which has led to a good deal of litigation and is still 
not entirely clear It appears that income from 
invested voluntary contributions ıs not itself an 
annual voluntary contribution and, m consequence, 
@ society which depends almost entirely upon volun- 
tary contributions but accumulates trust funds for 
prizes, exhibitions or scholarships could ultimately 
be disqualified because the investment mcome from 
contributions, although undoubtedly voluntary, was 
too large im relation to current activities Moreover, 
the Commuttee could often see no difference between 
societies withm and those without the exemption, 
and several societies now exempt appear to be 
fundamentally different from the kind of institution 
which members of Parliament who supported the 
Bill m 1843 appear to have had m mind 

The Commuttee was agreed that the provision could 
not be left unchanged, and because wherever the 
lme were drawn there would be anomalies at the 
margm and any re-drafting of the conditions precedent 
to exemption would give rise to fresh litigation, the 
Committee mvited the Royal Society and the Parha- 
mentary and Scientific Committee to give oral 
evidence The Committee was not, however, satisfied 
that any of the societies had a better claim to 
exemption than other charities Most of them would 
be entitled under the Commuttee's other recom- 
mendations to 50 per cent mandatory relief as 
charities and, accordingly, the Committee recom- 
mended that the Scientific Societies Act of 1843 
should be repealed 

Nevertheless, the Committee, like the Soin Com- 
muttee which reported in September 1954 on the 
Scottish ratmg system, recognizes that to withdraw 
abruptly the exemption under the Scientific Societies 
Act, 1843, might cause undue disturbance to the 
finances of the bodies concerned It suggests, there- 
fore, that in the first full financial year after the 
repeal of the provision none of the societies which 
was a beneficiary under ıt at the date of repeal 
should be hable for rates m respect of hereditaments 
which were exempt at that date In the second year, 
the rates which, apart from the transitional arrange- 
ments, would have been payable by the societies 
concerned should be abated by four-fifths, and in 
the third year by three-fifths, m the fourth year by 
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two-fifths, and in the fifth year by one-fifth A 
scientific society would thus not be lable for the 
full 50 per cent until the sixth and subsequent years, 
while if 15 was not a charity ıt would pay 20 per cent 
m the second and 40 per cent in the third, rising to 
full rates m the sixth and subsequent years 

The Committee shares the general view of its 
witnesses that Section 8 of the Rating and Valuation 
(Miscellaneous Provisions) Act, 1955, which governs 
the rates payable by charitable and other organiza- 
tions, 1s unacceptable as a permanent provision, and 
rt sees Ino justification for givmg permanent rate 
relief to all organizations 1n so wide a field It con- 
siders that the time has come to introduce a measure 
of umformity and certainty mto the rating relief 
enjoyed by bodies within its terms of reference, and 
that a satisfactory scheme should be simple and 
economical to administer and should not add materially 
to the rates borne by other classes of rate-payer Its 
essential basis should be mandatory relef for the 
great majority of the classes of organization which 
in the past have enjoyed some measure of relief 

It recommends accordingly that charities should 
have mandatory relief and that, although the decision 
as to the amount must be to a considerable degree 
arbitrary, relief of 50 per cent strikes a reasonable 
balance It does not consider that there ıs any need 
to re-define the term ‘charity’ for rating purposes 
only, and m the White Paper outhnimg its policy 
on Charitable Trusts m July 1955, the Government 
rejected proposals for a new definition for general 
purposes The Committee recommends that organ- 
zations on the fringe of the field of charity should 
be eligible for rehef at the discretion of the local 
authorities, but 1t does not recommend that charities 
m general should be excluded from rehef on the 
ground that the body ıs national or that it is in 
ieceipb of Exchequer grant or fees or because its 
voluatary income is small The position of the 
universities was specially considered, but the Com- 
mittee does not consider that, on balance, the 
exclusion of all university institutions would be 
justified by the evidence or arguments presented 

Representations were made to the Commuttee that a 
new statutory relief of 75 per cent should be allowed 
to mdustrial research associations, and on this also 
oral evidence has been heard from the Parliamentary 
and Scientific Committee The Pritchard Committee, 
however, submits reasonably enough that research 
associations are much more akin to the research 
establishments of mdividual firms than to charities, 
and that the relief considered appropriate for research 
establishments conducted by individual firms withm 
the curtilage of ther industrial hereditaments should 
be extended to the premises of industrial research 
associations ‘This view 1s ın accordance with that 
expressed 1n evidence by the Department of Scientific 
and Industrial Research 

No pronouncement has yet been made by the 
Government regarding 1ts acceptance or otherwise of 
the recommendations of the Pritchard Committee, 
this matter of rating relief 18 only one way m which 
Section 8 of the Ratmg and Valuation (Miscellaneous 
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Provisions) Act, 1955, has touched the scientific and 
other learned societies very closely. Under the Local 
Government Act, 1948, valuation officers of the Board 
of Inland Revenue became responsible for valuation 
rating on February 1, 1950, with the object of 
securing uniform standards of valuation, and this, 
of course, precluded the contmuation of the practice 
of sympathetically undervaluing hereditaments 
occupied. by charities and kmdred bodies Section 8 
of the Ratmg and Valuation (Miscellaneous Pro- 
visions) Bill mtroduced im March 1955 was mtended 
to avoid the substantial mereases in abilities for 
rates which such bodies would otherwise have in- 
curred, and it was quite clear ın the debates on the 
Bill, which received Royal Assent on July 27, 1955, 
that the Government fully appreciated the difficulties 
of the scientific and learned societies. 

The Pritchard Committee m. 16s report emphasizes 
that this Section of the Act provides the first statutory 
relief from rates for charities as such, and the first 
endorsement by Parhament of the relef previously 
given extra-statutorily by local government in Various 
ways Further, this element of mandatory relief was 
introdueed by the Government not, mitially, as a 
matter of Government policy, but m deference to the 
wishes of the House of Commons after a provision 
relymg entnely upon local discretion had been 
criticized from all quarters Moreover, this particular 
enactment was designed as a holding provision and 
never intended as a permanent arrangement. 

These observations are important, as they indicate 
clearly tho hne which should be taken by scientific 
societies and professional organizations which may 
be unfairly affected ın the new situation It follows, 
moreove), that legislation to provide some reasonable 
permanent arrangement 1s not merely probable but 
almost mevitable, and that ıb ıs in the debates on 
such legislation that the needs of the scientific and 
learned societies and professional organizations should 
be clearly and effectively presented to Parliament. 

When in 1950 the valuation officers of the Board of 
Inland Revenue assumed responsibility for valuation 
for rating, they did not disturb the exemptions in the 
old lists unless they were asked to do so by the 
retmg authorities, but ın preparing the new valua- 
tion lists which came mto force on April 1, 1956, 
they applied strictly the provisions of the Act of 
1843 as recently mterpreted by the courts In con- 
sequence, some societies which had been exempt 
became hable for rates on assessments based on full 
current rental values, and only some of those which 
challenged this liability m the courts succeeded 
Further, the Board of Inland Revenue has suspended 
the ineome tax rebate which the learned societies 
enjoyed on seven-year covenants entered into by 
ther members, and for some of them has finally 
withdrawn the relef 

This 1s the second aspect of the situation which 
deeply concerns the professional associations and 
learned societies and other bodies, and may affect 
some of them much more seriously than the con- 
cession made regarding subscriptions to such bodies 
m Clause 14 of the Finance Bul, 1958 Indeed, 
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although the situation ıs complex and is still bemg 
argued between various bodies and the Inland 
Revenue, sometimes ın the Court of Appeal, 15 would 
appear that those bodies which have lost the right 
to tax rebates on subscription mcome guaranteed 
from covenants are hkely also to lose ratmg rehef 
and the advantage of thew members being able to 
clam subseriptions as expenses against mcome tax 
Probably ıt 1s not too much to say that some of the 
societies have only been able to meet post-war costs 
through the rebates ın covenanted subseriptions and 
relief from rates which they have hitherto enjoyed 

The Pritchard Comnuttee argues lucdly and 
cogently for a mandatory and uniform system of 
rating relief It does not suggest that all anomalies 
will be removed or that there should be no dis- 
cretionary relief It is difficult to refute the argument 
of an eminently sensible report, but before adopting 
the legislation to which the report points, Parhament 
might reasonably re-examme the fundamental ques- 
tion what 18 a charity for tax purposes, and especially 
the full and wide mmplications of what could not 
unfarly be described as an assault on learned societies 
launched by the Board of Inland Revenue Parha- 
ment atleast, should be concerned not so much with 
the benefits and advantages, to particular institutions 
and ther members, of taxation or ratmg ielef, but 
with the exten to which the public interest 1s served 
by such bodies A recent survey of leisure and 
learnmng m Bolton and Rochdale pomted to the 
value of such societies m the world of to-day, quite 
apart from ther place m the dissemmation of 
knowledge and the mamtenance of professional 
standards, and to ther need of assistance m the 
maintenance and equpment of premises The place 
of the scientific and learned society m the world of 
to-day could be appropriately re-exammed in the 
hight of all the 1mpheations of the situation on which 
the Pritchard Commuttee has now reported 


KEW, PAST AND PRESENT 


The Royal Botanic Gardens, Kew 
By W B Turrill Pp 2564-16 plates 
Herbert Jenkins, Lid, 1959) 25s net 


af EW” to botanists, horticulturists and admurers 
of plants the world over 1s the Royal Botame 
Gardens, Kew, Richmond, Surrey, England Lake 
many other famous places or mstitutions, the exact 
day of 1:s founding 1s uncertam This summer, how- 
ever, the Royal Botanic Gardens celebrated a birth- 
day of approximately two hundred historie, profitable, 
eventful and beautiful years At this occasion 
grateful botamsts paid tribute by manuscript, letter 
or personal visit Few have honoured Kew as well, 
though, as Wilham Bertram Turrill does in this 
book It is a devoted tribute to the Gardens the 
author knew and served for forty-nme years until 
his retirement in 1957 
“The Royal Botanic Gardens, Kew' is both a 
historical account of the development of the Gardens 
and laboratories and a detailed description of thor 
current contents The book is readable, but the 
historical portion and that of current activities of 
the staff are written with so much under-statement 
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that one longs for greater emphasis on the personality 
and procedures of the men who made Kew and 
contribute to rts reputation to-day The Royal 
Botamic Gardens have served as a traming ground 
for many scientists, explorers and gardeners, but 
Dr Turril 1s almost reluctant m admuittmg the con- 
tributions of these men Procedures, ideas and even 
the architecture developed at Kew were taken by 
students to distant lends, and one sees the influence 
of Kew in some aspect of every major herbarrum 
and botanic garden of the world A single chapter of 
a scant fourteen pages describes the current scientific 
research of nearly eighty-five people Three pages 
are devoted to “Plant Introductions via Kew", and 
nearly half of this concerns the story of quimine 
One wishes Dr Turrill had elaborated more the credit 
which 1s due to the activities and leadership of Kew, 
and m basic research and practical horticulture 

The remaming chapters, particularly those on 
“Economic Botany and the Kew Museums", ‘The 
Greenhouses” and Kew at various seasons, charmingly 
describe a tour of the exhibits, living and preserved, 
in infinite detal The book will serve as a guide, 
supplying, where appropriate, the personal exposition 
of a tour leader on how trees grow or manufacture 
food, or how plant products are used, or where par- 
ticular plants can be found One familar with 
museum and garden exhibition techniques visualizes 
m Turrül's account both the display and the m- 
formation on the labels At the same time, the casual 
reader may be unaware that chapters of a basic 
text-book of botany have been paraphrased to present 
briefly and clearly the reasons for the exhibit 

A chapter on “Wild Life at Kew" exemplifies the 
detail of the book in relating much information, 
meluding the mtroduction of the American grey 
squirrel and its destructaon, the amount of myxo- 
matosis in the rabbits of Kew during the year 1955, 
the types of weeds m the lawn or the record-sized. 
fish caught m a Kew pond and its present location 
Throughout this and other chapters are the mtimate 
stories one gets in a personally conducted, leisurely 
tour by a guide who knows and loves the Royal 
Botanic Gardens, Kew 

Sixteen excellent plates illustrate the men and 
women responsible for Kew’s past, the present 
buildings, and scenes from the Gardens Appendrxes 
give details on the climate, the rules and regulations, 
the physical plant, the composition of the staff and 
the chronology of the curators and keepers of the 
Herbarmm, Library and museums A bibhography 
of sixty-s1x titles relating to Kew, an index and a 
grid map, referred to frequently m the text, complete 
the book 

As one enjoys a garden at many hours of many 
seasons, so Y recommend to past, present and future 
friends of Kew a leisurely and frequent reading of 
this book RicHaARD A Howarp 


JET PROPULSION 


Jets and Rockets 

By A Barker, T R F Nonweier and R Smelt 
Pp xiv+268 (London Chapman and Hal, Lid, 
1959 ) 35s net 


HE history of this book prior to publication was 
unusually rich, and Mr  Nonweiler recites ib 
with relish im his candid preface The book was 
begun by Mr Smelt m 1945, and then passed to Mr 
Nonweuler after the former ‘went West to the States’ , 
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finally Mr Barker brought rb up to date and completed 
it Although a few authentic touches of antiquity 
survive, most of the book has been satisfactorily 
modernized, and the reader need have only occasional 
qualms on. this score 

The book 1s mtended as an introductory text-book 
on all forms of jet propulsion, rocket, ramjet, turbo- 
jet, pulse-Jet and various hybrids, and on the whole, 
xt achieves this purpose well The authors describe 
clearly the mam features of each power plant, and 
preserve a fair balance, they do not delve very 
deeply mto the specialized problems of each engme, 
but this cannot be expected m a 250-page book so 
wide inits scope The chemistry of rocket combustion 
and the thermodynamics of the various engmes— 
the theory underlymg the calculation of thrust 
coefficient and fuel consumption—are presented in 
adequate detail, and the methods of calculating 
drag and the design of air takes are also thoroughly 
discussed One of the best features of the book is 
its emphasis on the close links between the internal 
thermodynamics of an engine and its external aero- 
dynamics Ths emphasis is particularly valuable 
because many text-books on propulsion tend to ignore 
the external aerodynamics, although minimizmg drag 
can be just as important as maximuzmg thrust, 
especially at supersonic speeds 

Unfortunately, the book is marred by lack of 
attention to detail Several of the formule are mn 
error (eg, equations 513 and 515), some of the 
graphs lack units, the spellmg is erratic, misprints 
abound and there are many stylistic lapses Chapter 
15 ıs m places sadly out of date 1t grves the impres- 
sion that the V2 was the ultimate ın rocket missiles 
and that space vehicles are virtually impossible 
Indeed, throughout the book, German war-time 
engines, now museum-pieces, are too often quoted 
as examples, thus givmg the false umpression that 
the accompanying text 1s equally obsolete On 
one pomt of detail the book ıs excellent there are 
more than 120 diagrams and photographs, most of 
them pertinent, clear and mformative 

D G Kiwxc-HunE 


NUCLEAR FUEL TREATMENT 


Chemical Processing of Nuclear Fuels 

By Dr F S Martm and Dr G L Miles Pp x+242 
(London Butterworths Scientific Publications , 
New York Academic Press, Inc, 1958) 40s , 
7 60 dollars 


Pa etre this book 1s mtended mamly as an 
mtroduction to the problems of chemical pro- 
cessing of nuclear fuel after irradiation m a reactor, 1ts 
scope extends much further In Part 1, which deals 
with “Nuclear Considerations’, the three mam 
systems uranium-235, uranium-238-plutonmm and 
thorrum—uranium-283 are considered separately and 
the reactions occurring under thermal neutron irradia- 
tion shown diagrammatically 

The several highly developed solvent-extraction 
processes employed in nuclear processmg are described 
and decontammation factors listed The requie- 
ments of a process for purifying the plutonium product 
cf primary separation are also enumerated and 
the value quoted for the overall recovery of plu- 
tomum (99 4 per cent) m one process shows how 
highly developed this particular technology has 
become 
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In the middle chapters, the authors survey other 
processes which have been considered (and m some 
cases developed) for the separation of heavy nuchdes 
from fission products The range covered 1s sufficient 
to mdicate the amazing volume of research which 
has been carried out on both sides of the Atlantic m 
this field—10n-exchange separations, metal distilla- 
tions, halide volatibzations, extractions by molten 
metals, purification by slaggmg processes, extraction 
by fused chlorides as well as the more conventional 
(and historically mmportant) processes of separation 
by precipitation 

There 1s also a section m the book dealing with the 
disposal of effluents and fission product recovery, a 
field which has recerved much attention from authors, 
both knowledgeable and otherwise, in recent years It 
is sufficient to say that the treatment here 1s brief 
and chemically factual and scores on both these 
counts 

A criticism which may be advanced, perhaps, 1s that 
the reader 1s not given very clearly to understand 
which are the most important separation processes 
described The dominant position now held by 
solvent extraction processes and the resultant com- 
mercial difficulties m the way of any competmg 
technology are not brought out very fully But such 
an appreciation 1s not necessarily a function of this 
book, it 1 abundantly clear that ıb represents 
& valuable and important contribution to chemical 
literature It should find its way not only to those 
science and engineering graduates with some acquaimt- 
ance of nuclear reactor development but also to that 
much wider reading public of chemists and chemical 
engineers who would hke to read and have by them 
an authoritative and mteresting work on the apphed 
chemistry of nuclear power J E LrrTLECHILD 
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FOOD ANALYSIS 


The Chemical Analysis of Foods and Food Products 
By Dr Morris B Jacobs Third edition Pp xxiv+ 


970 (Prnceton, NJ D Van Nostrand Company, 
Ine ; London D Van Nostrand Company, Ltd, 
1958) 103s 6d 


HE 970 pages of this book melude more 
material than the title mdicates The text 
includes information on the make-up of several types 
of food For example, the chapter on sugar foods 
and carbohydrates begins with a useful summary of 
the types of carbohydrates found m foods, the 
chapter on meat gives definitions of meat products 
and tables of typical compositions , the chapter on 
oils and fats contams m tabular form information on 
24 fatty acids , the chapter on quality measurement 
ineludes a general introduction on flavour acceptance , 
while the chapter on milk comprises more than a 
hundred pages and includes detailed mformation on 
composition, on cheese and other products, and on 
adulterants 
Essentially, however, the work 1s a practical book 
for use at the bench ‘The book begins by describing 
general chemical and physical methods that are used 
m the analyses of food products Directions are 
given for analysmg constituents of all common and 
some less common foods The book also includes 
chapters on undesirable materials in food For 
example, one chapter deals with filth, and meludes 
‘working directions for estumating the amount of 
rodent excreta, maggots, rancidity, and decomposition 


NATURE 


1347 


in fish and other foods There are also chapters on 
pesticide residues, radiochemical determinations, food 
poisoning and preservatives The detection of horse 
meat m. presence of other animal tissues 18 discussed 
Chapters are moluded on artificial sweetening agents 
and on colourmg matters Instructions are even 
given for such details as how to count the pits m 
preserved cherries from which the pits have ostensibly 
been removed 

In a few respects—for example, m spectrophoto- 
metry, ın absence of mention of methyl cellulose, 1n 
devermination of tocopherols and of carotene, m lack 
of reference to paper chromatography—the book is 
not up to date, but ıt would be impossible for so 
large a work to be kept up-to-the-mmute by one 
author ‘The book has been produced in the United 
States and is primarily concerned with codes of 
practice and food laws 1n that country, but 1n nearly 
all cases the mformation has general application 
The book 1s indeed a useful compilation 

V H Boork 


A FLORA OF THE ARCTIC 


Circumpolar Arctic Flora 

By Nicholas Poluunn Pp xxvm+514 (Oxford- 
Clarendon Press, London Oxford University Press, 
1959) 126s net 


"WO problems immediately confront those who 
write on arctic plants first, the difficulty of 
defining the limuts of what one proposes to term ‘the 
Arctic’, and secondly, the even greater difficulty of 
providing an adequate and up-to-date account of 
that vast and virtually maccessible area lymg east 
of Finland and west of the Bermg straits Dr Polunm 
with his extensrve experience of the arctic and arctic 
vegetation faces up boldly to the first problem and 
can no doubt furnish weighty arguments m favour of 
what appears to be a curiously mvolved, mdeed 
almost tortuous, delimitation As regards the second 
problem, the author freely admits that our know- 
ledge of the Soviet arctic 1s madequate, and that, m 
present circumstances, no Western or American 
botanist can hope to compile a detailed and critical 
circumpolar flora Some may feel, this bemg so, that 
any attempt to deal with the flora of the area 1s 
bound to be premature and unsatisfactory The 
number of flowering plants and vascular cryptogams 
occurring m the Arctic 1s so small that the critic has 
some right to expect a minute and detailed analysis, 
and to be more exacting m hus demands than if the 
author were attempting a survey of some tropical 
region with a richly diversified flora If the reader 
approaches Dr Polunm’s book m this frame of mmd 
he will find much to criticize, for the very frequent 
use of the tell-tale abbreviations agg and sl after 
the scientific names shows how much has still to be 
done before the last word can be written on this 
subject But half a loaf ıs better than no bread, and 
the less exacting will be glad that Dr Polunin has 
had the energy and enterprise to give us a concise, 
lavishly illustrated and, for practical purposes, 
a tolerably complete account of these northern 
plants 
British botanists, whose thoughts turn not mfre- 
quently to those epochs when much of Great Britam 
lay buried under ice and snow, will be intrigued to 
seo how many truly arctic species still survive from 
those bygone glaciations, and (bearing ın mind recent 
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records of Koengia, Diapensia and Artemisia nor- 
vegwca) some may choose to ruminate on the number 
and hkely identity of species yet to be discovered 
here Palynologists, geologists and archeologists will 
also find, ın these pages, the sort of information that 
can save hours of exhausting work in the identifica- 
tion of doubtful grams or fragments Two features 
that will certamly not be commended by botanists 
are the absence of author citations in the mam body 
of the text, and the mvention of popular names, some 
of which (for example, “Boreal Blnking-chickweed”’) 
would, ın a less august environment, raise a laugh 
It 1s a pity, too, that space should have been devoted 
to derivations of generic names, such learning is 
scarcely called for in a book of this sort Tho illas- 
trations, though uneven m quality, are on the whole 
very pleasant to look at, and sufficiently detailed to 
give us a very fair idea of each plant Prmtmg and 
format are excellent, though the regrettably high 
price must necessanly put the book beyond the 


means of many who would be happy to possess 1t 
R D MEIKLE 


NEW IDEAS FOR INDUSTRY 


Investment in Innovation 
By C F Carter and B R Wihams Pp 1ix4-167 
(London Oxford University Press, 1958) 15s net 


HIS book is in effect a supplement to the same 
authors’ work on industry and technical progress, 
being in the maim a by-product of the case studies 
which were undertaken ın connexion with the writing 
of that book under the auspices of the British Associa- 
tion and the Conditional Aid scheme It 1s a detailed 
investigation, based upon case material, of the reasons 
why firms invest or do not invest m technical innova- 
tions Perhaps the only brief statement that can be 
made about its conclusions is that ib shows the 
enormous range of difference between firms and 
industries in the nature of the mcentives to invest- 
ment Thus, for example, ıt is made clear that, in 
some cases, keener competition at home or abroad 1s 
an incentive to mvestment while in other cases 
protection from competition will have this effect 
The effect of excess demand manifesting itself ın 
long order books 1s also noted as one of the factors 
that have been ımportant m some cases in recent 
years, and there 1s a careful discussion of the effect 
of fiscal changes in stimulatmg either new mvestment 
or quicker replacement of plant The general factors 
which are regarded as likely to promote accelerated 
Investment ın innovations most effectively, however, 
seem to be the supply and wide diffusion through 
industry of scientifically literate people and the 
improvement of recruitment and trammg for manage- 
ment It 1s essentially effective access to information 
about new technical possibilities and the willingness 
and ability to mtroduce change without creating 
insuperable opposition that seem to be key factors m 
determinmg the rate of industrial progress 
Not very much attention 1s given by the authors 
to the supply of capital as a factor limiting mvestment 
of the relevant kind, though they found some cases 
in which shortage of risk capital had been important 
Their investigation, however, throws more light on 
the old question whether interest rate 1s an important 
controlling factor governing mdustrial mvestment 
In general, they conclude from then field studies 
that with mterest rates varying over the normal range 
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their direct mfluence 1s shght-——investment projects 
are elther so attractive that a difference m interest 
rate between, say, 2 and 6 per cent will have little 
effect upon them or so unattractive that they will 
not be undertaken at any mterest rate however low 
The authors thnk, however, that there 18 an mter- 
mediate class of projects to which the rate of interest 
18 critical even. as things are, and that this class might 
be much bigger if interest rates were capable of gomg 
higher than m fact they have gone in advanced 
countries m modern times 

Altogether this is an extremely valuable and 
stumulating book belonging to the select but growmg 
class of contributions to economics which seek 
answers to the really fundamental questions from 
direct investigation of industrial hfe 

A J Brown 
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THE FUTURE OF THE ETRUSCANS 


Ciba Foundation Symposium on Medical Biology 
and Etruscan Origins 

Edited by G E. W Wolstenholme and Cecha M. 

O'Connr Pp xu+255 (London J and A 

Churchill Ltd , 1959 ) 45s net 


HE pubheation of a Ciba Foundation symposium 
18 always an interesting event This volume has 

a stimulating title, the synthesis attempted is an 
innovation of some significance, and 16 will be viewed 
from many quarters with a critical eye, m order to 
assess the value of its application to populations 
other than the Etruscans 

The Foundation must be congratulated on having 
drawn together a group of emunent scientists and 
Etruscologists, and on the clear layout and attrac- 
tive presentation of the volume The illustrations 
Show evidence of a care not always extended to the 
maps The first five papers presented at the sym- 
posium give the evidence of archeology, religion and 
linguistics, and some space 1s given to discussion of 
the varying theories on the origins of the Etruscans 
which this evidence permits As Prof Bantı pomts 
out, no one theory can be held dogmatically on the 
basis of the present mformation from these fields , 
and for this reason if for no other, much might be 
expected of the contributions of the scientists to 
this meeting If, in the conclusions which may be 
drawn from 1t, the second section falls short of the 
reader's expectations, 11 must be borne m mind that 
the value of scientific work to such studies has only 
recently been appreciated, indeed, this 1s made 
clear ın the discussions, m which it 1s admitted that 
skeletal material has received cavaher treatment m 
the past The main value of this meeting of scientists 
and archeologists lies in its promise, and in the 
opportunity 15 has provided to discuss mutual require- 
ments, many interestmg possibilities are outlined 
by the various speakers, not the least of which 1s 
that of the blood grouping of skeletal remains Several 
speakers discuss the serology of the modern popula- 
tion of Etruria, a feature the impact of which 1s some- 
what spoilt by the failure of the historians to show that 
this region has remained genetically isolated smce the 
Etruscan period 

This book presents an intriguing approach to an 
old and fascinating problem, and much can be gamed 
from ıts careful outlme of the requirements and pitfalls 
of such studies It is likely to become a useful 
reference book MADELEINE SMITH 
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Kham Ruins 

Report on Excavations undertaken for the Com- 
mussion for the Preservation of Natural and Historical 
Monuments and Relies, Southern Rhodesia, 1947— 
1955 ByK R Robmson With Reports by G Bond 
and E Voce Pp xvi--192--28 plates (Cambridge 
At the University Press, 1959) 40s net 


T seems likely that won-workmg, agriculture and 

the manufacture of well-made pottery reached 
Central Africa at the same time and as elements of 
the same culture complex, withm a century or two 
of the beginning of the Christian era The event 
marks the begmnimg of the history of the Bantu- 
speaking peoples m the area, and forms a most 
important field of pre- and proto-historical research 
None the less ıt 1s a sadly neglected field of study, 
and much credit must go to prehistorians working on 
this period in Southern Rhodesia 

Miss Caton-Thompson’s work on Zimbabwe is 
well known, and earher this year Roger Summers 
produced a most important book on the terraces and 
ruins of Inyanga Kerth Robimson's excellent book 
on the Kham: ruins now enables us to make some 
sense of the third of the great rums sites of Southern 
Rhodesia 

The book ıs an excellent objective study of the 
rums based on many years of timate study, backed 
by carefully selected excavation It 1s attractively 
set out, with good illustrations, and m Chapter 5 
the conclusions are logically and clearly presented 
The over-riding weakness in all three of the works 
mentioned 1s the lack of conclusive dating evidence 
This is no fault of the writers concerned and 1s 
entirely due to the difficult nature of the evidence 
Radiocarbon dates are urgently needed 

It 18 to be hoped that the future will see a con- 
tanuation of the excellent work now bemg done m 
Southern Rhodesia, perhaps, we may add, with 
rather more emphasis on the crucial earlier phases 
of the Rhodesian Iron Age R R IssksEP 


Rock Pressure in Mines 
By E de St Q Isaacson Pp x+212 
Mining Publications, Ltd , 1958) 45s 


EVENTY-Hi1VE years ago Fayol published results 

of his investigations mto ground failure While 

his conclasions were valid at shallow depths, 16 was 
found that at deeper levels stresses, which had little 
significance near the surface, began to play an ever- 
increasing part  Durmg the past thirty years many 
workers have investigated the problem, and ın “Rock 
Pressure m Mmes” we have a comprehensive account 
of the theoretical and practical principles that govern 
the behaviour of pressure in underground workmgs 
The author, who is in charge of the Rockburst 
Research Unit of the Kolar Gold Mines, devotes the 
first four chapters to theoretical considerations, 
dealmg with elastic stresses and strams, elastic 
stresses in isotiopie rocks around differently shaped 
excavations, the behaviour of rock stressed beyond 
the elastic limit, and modifications due to departures 
from homogeneity He then applies these considera- 
tions to the planning and lay-out of workings Ina 
chapter on rock-bursts he shows how stram energy 
may be built up He considers that good planning 
coupled with destressing should substantially reduce 
the danger ofrock-buists Descriptions and criticisms 
of several occurrences are given Finally, some of 
the mstruments suitable for measurement of stresses 
and stram underground are described The book 1s 
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well planned and pleasmgly written There are 125 

simple lne-drawmgs and some plates References to 

standard text-books and technical papers are ade- 

quate It ıs a book which will be mvaluable to all 

who are ccneerned with problems of rock pressure 
J K L GRAHAM 


Plant Nematodes 
Ther Bionomues and Control By Dr Jesse R 
Christie Pp xı+256 (Gainesville, Fla Agricul- 
tural Experment Stations, University of Florida, 
1959) 3 75 dollars 


EMATOLOGY as a separate discipline is a 

relatrvely recent development and, as a result, 
the information on the bionomics and control of plant 
parasitic nematodes 1s spread widely through technical 
journals and bulletins This literature has not only 
been surveyed and compiled by the author but 1s also 
presented in a clear and logical manner The author 
of this relatively small book has succeeded admurably 
m fulfillmg hus declared intention of writmg a work 
for specialists which 18 also understandable to others 
generally interested i agriculture and horticulture 
This he has done in fourteen chapters of which the 
fist is & general mtroduction to nematodes and 
nematology, while the second 1s a general discussion 
of the principles of nematode control Each of the 
remamung chapters deals with one group of related 
nematodes and each 1s laid out in the same sequence, 
so far as she subject-matter wil allow First, the 
taxonomy of the parasite, then the life-history and 
habits, the mjury caused to the host, a lst of hosts, 
the parasites’ known distribution and methods of 
spread, and, finally, methods of control Five tables, 
in an appendix, list the parasites and them distribu. 
tion, under the crop plants attacked, control 
measures, details of hot-water treatments, the 
common names of plant parasitic nematodes , and m 
the fifth table a list of scientific names of nematodes 
attackmg plants, and their synonymues, 1s given 
The symptoms resulting fiom nematode attack are 
ilustrated by photographs which aie generally of 
a Ingh standard The book should form a useful 
source of reference to experienced workers as well as a 
text-book for the student W G Ineuis 


Acetophenetidin 

A Critical Bibhographie Review By Prof Paul K. 
Smith (Monographs of the Institute for the Study 
of Analgesic and Sedative Drugs, No 4) Pp x+ 
180 (New York Interscience Publishers, 
Ine , Lordon Interscience Publishers, Ltd , 1958 ) 
458 


K SMITH'S book on acetophenetidm is the 

fourth ın a series of monographs reviewing the 
literature on individual drugs It deals with 529 
references on the clinical uses, pharmacological 
properties, metabolism and side-effects of aceto- 
phenetidm (phenacetin) and its metabolite N-acetyl- 
p-ammophenol The book throws an interesting hght 
on the history of the use of antipyretics, and reflects 
the changes in medical thought on disease during the 
past seventy years If the purpose for which the 
drug is employed has changed, 1ts popularity has 
stood the test of time, and justifiably so, since 
acetophenetidin 1s not only efficacious but virtually 
free from harmful side-effects Pharmacological work 
on the substance will contmue, as we are far from 
understanding the reasons for its pain-relievmg 
action Mamrug Voer 
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A NEW EXPERIMENTAL TEST OF SPECIAL RELATIVITY 


By J. P. CEDARHOLM 
| B.M. Watson Laboratory 


AND 


Pror C. H. TOWNES 


Columbia University, New York 


XPERIMENTS which have tested special rela- 
tivity have usually been forced to rely on great 
delicacy and precision m order to detect or examme 
the small differences between predictions of special 
relativity and those of alternate theories This 18 
because these differences appear multiphed by a very 
small quantity (v/c)*, where ¢ 18 the velocrty of hght 
and v is some relative velocity which is generally 
much smaller than c While giving a clear-cut 
support to special relativity over some other theories 
such as a sumple ether, experiments have not generally 
measured the small terms in (v/c)? with impressive 
fractional accuracy Michelson and Morley’s first 
expermment!, for example, was of remarkable pre- 
cision. But ıt was searching for a change m hght- 
path of only about one part m 10* due to the motion 
of the Earth about the Sun on the basis of the then 
current ether theory, and was able to set an upper 
lmt no less than 1/40 of this, or an ether dnft of 
about one-sixth the orbital velocrty of the Earth 
Subsequent very refined expermments? of a simular 
type succeeded, a half-century later, m settmg an 
upper lmit on any ether drift of 1/20 the velocity of 
the Earth around the Sun Others? even suggested 
the existence of an ether drift as large as about one- 
fifth of the orbital velocity of the Earth The advent 
of very high precision atomic clocks suggests that 
still more exactimg experimental tests may now be 
made, one such, which 1s now more or less com- 
pleted, 1s reported here 
The experiment compares the frequencies of two 
maser oscillatorst with ther beams of ammoma 
molecules pointed ın opposite directions, but both 
parallel to a supposed direction of motion through 
the ether If both masers are rotated 180°, and the 
frequencies agam compared, a change in relative 
frequency should be found due to motion of the 
masers through the ether, assummg the molecular 
vibrations are unchanged by such motion A pre- 
cision of one part m 10% has been achieved in this 
frequency comparison, and failure to find a frequency 
change of the predicted type allows setting the upper 
limit on an ether drift as low as 1/1,000 of the orbital 
velocity of the Earth This precision also provides a 
test for some other effects which will be discussed 
below 
The effect on the frequency of a beam-type maser 
oscillator of motion through the ether was first 
worked out by Maller’ A brief, somewhat mturtive 
explanation of this shift follows In this device, 
ammonia molecules m an exerted state travel at 
thermal velocities along the axis of a circular oylm- 
drical cavity, giving it energy If the cavity 1s 
stationary m the ether, the standmg waves may be 
considered to be made of travelling waves with wave- 
fronts nearly parallel to the axis As the molecule 
moves along the axis, there 1s then no Doppler shift 


If the apparatus is movimg axially through the ether 
at velocity v, the wave-fronts must tilt at an angle 

= vic m order to follow this axial velocity Hence, 
molecules travelling at velocity w through the cavity 
produce a frequency shifted by the Doppler effect of 
an amount vuaje = vuv[c? Here vis the molecular 
frequency Smee uvv[c? depends on the relative 
direction of u and v, two masers with oppositely 
directed beams should have frequencies which differ 
by 2uvvj/c? due to this effect If each is rotated 
180°, the total change im thew frequency difference 
18 4uvv[c? 

A more precise derivation of this effect ıs obtained 
from the fact that special relativity predicts the same 
result as does an ether theory, provided that the 


FitzGerald contraction va — 5 1s introduced for 
e 


any length parallel to the motion v through the other, 
and also that the proper time of any clock or osculator 


ye 
1s modified by the same factor v — A) due to 


this motion In other words, any effect due to 
motion through a simple ether ıs Just compensated 
by appropriate changes m scale for length and time 
which correspond to the Lorentz transformation 
If, then, an ether theory is used without FitzGerald 
contraction and time dilation, the expected shift m 
frequency may be computed from an examination of 
the effects of these changes of scale for length and 
time 

Consider first the FitzGerald contraction Its effect 
on the frequency of maser oscillation 1s very small 
and may be neglected because this frequency 1s 
rather insensitive to the dimensions and resonant 
frequency of the cavity’ 

The tıme dilation, however, produces the effect we 
seek If the cavity moves through the ether at a 
velocity v and the molecule though the cavity at 
velocity u, then the molecular velocrty through the 
ether is V = u--v, and fhe molecular time will be 
slow, for an observer m the framework of the ether, 
for the factor 


vij- EP wore 


c? 





But time m the actual laboratory framework, which 
is fired with respect to the cavity, 1s slow by the 


factor 
v? v? 
va _ 2) e 1— ii 


Hence the molecule would appear slow to an observer 
in the laboratory by the difference between these 
two, or by the factor 
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The first small correction 18 the well-known transverse 
Doppler effect, and is independent of ether drift 
The second small correction 1s the discrepancy wove? 
which would occur if we were to accept a simple 
ether and no time dilation m the proper oscillation 
of the molecule, as postulated m Moeller’s origmal 
discussion* 

The above derivation makes it clear that failure 
to see any change in tıme equivalent to the small 
fractional amount uv/c? may be explained away by 
the assumption of a time dilation for those who 
wish to adhere to an ether with such peeuharities 
Hence the experiment ıs more closely related to the 
Kennedy-Thorndike experiment’ than to that 
of Michelson and Morley A null result m the 
latter needs, of course, only a FitzGerald contrac- 
tion for an explanation in terms of an ether 
theory 

For performance of the present experiment, two 
ammonia beam masers were mounted with oppositely 
directed beams on a rack which rotated about a 
vertical axis The frequencies of these oscillators are 
near 23,870 Me /s The thermal velocity u = 
06 km/s for NH, at room temperature If the 
orbital velocity of the Earth is assumed to be the 
rate of motion through the ether, then v = 30 km /s 
and the frequency change 4uvvjc? = 20 ejs when 
the masers are rotated 180° from an initial east-west 
position abt noon or midnight 

Durmg a small fraction of a second the relative 
fiequency of the two masers fluctuates randomly 
about ys c/s Over somewhat longer periods, such 
as those required for measurement before and after 
rotation, the average frequency difference does not 
vary more than about 3 cjs or one part m 1013, 
Hence the 20 cjs variation expected on an ether 
theory would be very easily detected Variation of 
about 1 c/s on rotation of the two masers was m 
fact observed However, this variation could be 
eliminated by magnetically shieldmg the masers, and 
without shielding ıt remamed constant to withm 
about x5 c/s as the Earth rotated throughout a 
24-hr run This shows that no more than 
about sy c/s shift could be attributed to an ether 
drift 

The experiment involving rotation of the two 
masers was carefully done for the first time on 
September 20, 1958? No proper effect as large as 
zs c [s was found Hence, smce the orbital velocity 
of the Earth of 30 km /s would have given an. effect 
of 20 c [s , the ether drift could not have been larger 
than 1/1,000 of this value, or 30m /s — Tb 15, of course, 
possible for the motion of the Earth to be just 
cancelled by the motion of the sola: system through 
the ether at some particular time of the year The 
expermnent has now been repeated at the Watson 
Laboratory durmg 24-hr runs at approximately 
three-month intervals throughout the year In none 
of these runs was any effect as large as sy o /s found 

The present expermment sets an upper limit on an 
ether-diif& velocity about one-fiftieth that allowed 
by previous expermnents This 1s in part because the 
effect measured 1s linear m the ether drift velocity v 
An experiment of the Michelson—-Morley type 1s 
designed to detect a fractional change of the form 
jefe, which 1s an order of magnitude larger than 
the term uvje? discussed here An upper limit of 
1/400 of we? has been set by the very careful 
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experiments of Joos? with a Michelson mterferometer 
However, since this term 1s second order in v, the 
upper limit given for the ether-drift velocity 1s one- 
twentieth of the orbital velocity of the Earth, or 
15km/s The present experiments have the advan- 
tage that the expected effect 18 linear 1n v, and also 
that two clocks can now be compared with much 
greater precision than can two distances This 
expermment, mvolving a comparison of two maser 
oscillators to an accuracy of one part m 1034, may 
perhaps represent the most precise expermment so far 
reported 

For most physicists, a confirmation of the funda- 
mental postulate of special relativity that no absolute 
motion can be detected comes as no surprise, and a 
more precise experimental test may not even seem 
important because this postulate is so mturtively 
satisfactory and firmly accepted It should be noted, 
however, that the positive detection of an effect in 
the present experiment could give some new mforma- 
tion without necessarily contradicting the general 
principles of relativity The motion of the Earth 
mvolves velocity relatrve to other parts of the solar 
system, as well as to the fixed stars and external 
galaxies Hence this relatrve motion might, in 
principle, produce some anisot10py m space and some 
shift m relative frequency of the two masers when 
they are rotated by 180° 

Dicke? has suggested that an effect due to motion 
with respect to fixed masses ın the universe should 
be present which ıs of the order of the fine struetuio 
constant, «, times the effect due to ether drift This 
would correspond to a fiequency shift in the present 
experiment of the order of + c [s Reasons given by 
Dicke why such & shift might occur are speculative, 
but very mteresting The present results allow no 
shift larger than sy c /s , which gives some mdication 
against a term of the order 4auvv/c? 

Optical maser oscillators? should also lend them- 
selves to interesting expermments on relativity, since 
they will probably be capable of exammimng changes 
in length as small as one part m 10!? An optical 
maser oscillator could be constructed with a resonance 
between two étalon plates which is narrower im fre- 
quency than the atomic resonance supplying energy 
In this case the frequency would depend primarily 
on the spaemg between the plates, rather than on 
the atomic frequency It 1s estimated that the 
oscillation would be monochromatic to about one 
part m 1074 This suggests an experiment in which 
the oscillations of two optical masers are beat together 
u a photocell One of the masers may be rotated 
about a vertical axis On the basis of an ether theory, 
the beat frequency should then vary by an amount 
4+ v*v[2c?, fo. the same reasons that the Michelson— 
Morley experiment was expected to show a variation 
of path length The fraction v?/c* 1s 10-5, so that 
tts presence could probably be tested with excellent 
precision. 
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ECHO-LOCATION AMONG COLLOCALIA 


By LORD 


MEDWAY 


Department of Anatomy, University of Birmingham 


T 1s known that a number of species of the swiftlets 
I (Collocaha) of south-east Asia are able to fly m 
total darkness in the caves m which they nest When 
on the wing m the dark or m poor hght they utter a 
series of click-hke calls in very rapid succession so 
that the final effect 1s & staccato rattle Novick! has 
recently demonstrated that this call is essential for 
oriented flight im darkness by Collocahu brevirostris 
unicolor, a swiftlet found in Ceylon 

A simular call 1s heard from Collocahu maxuma loun?, 
which nests m a number of caves ın Sarawak? In 
1957, recordings of this swiftlet were made for the 
Sarawak Museum with the assistance of staff of 
Radio Sarawak Successful recordings were made 
both under natural conditions m Meraja cave, Bau}, 
known to be mhabited only by O maxrıma, and of 
individuals of the same species flymg smgly m the 
dark-room of the Sarawak Museum, which measures 
11 ft by 16 ft by 12 ft high and has interior walls 
finished ın rough plaster and distemper 

The recording apparatus used was a Philips hand 
microphone type 9564/10 with an E M.I portable 
battery-operated recorder, type L2B Parts of the 
tape were later played mto the ‘Sonograph’ sound 
spectrograph to give a plot of frequency spectrum 
agamst time They were also played back mto an 
oscillograph which was photographed on moving 
film From these films the spectrum was calculated 
by carrying out a Fourier transform of the wave- 
form 

Although blindfoldmg and deafenmg experments 
were not performed, there are several features of the 
rattle call of this swiftlet that emphasize its function 
m dark orientation , many of those listed below are 
discernible on the tape recording (Copies of the 
edited tape, with commentary, are held 1n Kuching, 
at Cambridge and by myself ) 

(1) Brds approaching the cave from outside are 
heard ratthng while still some distance from the 
mouth, but those leavmg the cave by day m direct 
fhght are silent well withm ıt when ın sight of the 
mouth This has already been noted and discussed 
by Novick (op cit) By night, however, outgomg 
birds contmue to rattle beyond the mouth 

(2) In imperfect darkness the rattle ıs not con- 
tinuous but intermittent, clearly its use is not 
obligatory and, for example, in the dim hght near 
the cave mouth, 15 ıs employed only m dark corners 
where eyesight fails 

(3) In complete darkness the rattle ıs continuous, 
although ıt tends still to be somewhat spasmodic 
when the bird 1s on a familar flight hme through a 
large chamber ‘The highest rate of steady rattle 
recorded on the tape ıs six clicks per sec , but when 
a bird approaches its nest sıte, or if 16 18 frightened 
m the dark, the rate may be higher still 

(4) In dark regions of the cave away from the 
nest sites, where all birds are m passage to or from 
the mouth, only the rattle call is heard and never 
song or other vocalization , apparently the two types 
of call cannot be uttered simultaneously This sug- 


gests that the mechanism 1s gyrmgeal, however, the 
rattle sound 1s so unlike any other call that a different 
mechanism may be mvolved 

(5) Roosting or nesting birds do not utter the 
rattle call, a bird flushed from the nest is silent for 
the first yard or two of flight For this reason 
attempts to record at the nest sites were unsuccessful 

(6) The rattle call appears late m development, 
and well-grown fledglngs which are forced to fly 
prematurely often. do so silently, and are then totally 
disorientated m darkness 

In the Museum dark-room, five birds were flown 
singly In every case the rattle call was ‘switched 
on’ the mstant the electric light was switched off, 
when the light was turned on agam ıb ceased less 
abruptly, tendmg to die away slowly mto short well- 
spaced bursts or single clicks Such brief outbreaks 
of rattle are heard ın the field from swiftlets flying 
near chffs or mountam tops, or divmg to drmk (on 
the wing) from the rivers Chasen‘, ın an account of 
weather movements of mixed swift and swiftlet 
flocks in Malaya, records the rattle call far from any 
cave 

In caves the rattle ıs never heard from birds at 
roost and usually ceases the moment they alight on 
the nest, but occasional chicks or brief outbreaks of 
rattle were heard from the caged swiftlets m transit 
from Meraja cave to the Museum It seems hkely 
that ın unfamiliar surroundings or when close to solid 
(or liquid) surfaces the rattle call may be used 
tentatively to supplement eyesight even in full 
daylight 

Analysis was applied to three recordings — & single 
bird flying in the cave, a single bird flying in the 
dark-room, and very many birds rattling simul- 
6 
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Fig 1 Spectrum of many birds sounding simultaneously 1n the cave 


October 31, 1959 


No 4696 








1 seo 


Fig 2,a and b Two different birds recorded separately im the museum dark-room 


taneously m the cave mouth by night Results show 
that the single click is very brief, lasting approx- 
imately 2 5msee The spectrum of the crowd of birds 
sounding together is contmuous from 15 to 55 
ke /s , with peaks at around 2 and 4 5 ke /s (Fig 1) 
Isolated bursts of sound from mdividual swiftlets all 
fall withm the same frequency-range (Fig 2), and 
successive clicks are more or less similar although 
they show no exact correspondence of wave form 
The Fourier analyses of the wave-forms correspond 
well with the sound spectrograms The smgle chcks 
of different birds (Fig 2a and b), however, show 
different distributions of frequency peaks within the 
characteristic range , this variation might assist each 
bud to identify the echo of its own call among a 
crowd, although m most circumstances the coineidence 
im timing between emission and echo would be quite 
sufficient to discrmmmate agamst the calls of other 
birds For example, 15 can be shown that if the bird 
neglects all echoes returnmg more than 10 msec after 
emission (that 1s, reflected from more than 5 ft 
away) 16 may be able to infer the presence of an 
obstacle with 90 per cent certamty, even though 
there may be twenty other birds withm a radius of 
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b 20 ft This calculation as- 
sumes that the echoes from 
only three successive clicks 
are noted, if a greater 
number can be utilized the 
discrrmmation mereases cor- 
respondingly 

The only other avian genus 
known to echo-navigate 1s 
the oil-bird, Steatornis® This 
utters a sımılar call, but the 
mean frequency is consider- 
ably higher (7 3 ke /s) and 
the range (6-10 ke /s) does 
not overlap with that of 
Collocaha maswna, which 18 
shown to rely for sonic- 
navigation on lower frequen- 
cies than any other bird, bat or dolphm so far 
investigated Other Collocalha m Sarawak also utter 
the same call, one species (O esculenta) lacks it As 
part of a survey of the life and habits of the genus 
in Borneo at present m hand, ıt is hoped soon to 
extend investigation of the use of echo-navigation 
and of the physiology of the mechanism involved 

I am grateful to Mr Tom Harrisson, curator of the 
Sarawak Museum, for the opportunity to work m 
Sarawak, for encouragement in the study of Collocaha 
and for ermcism of this communication before publi- 
cation, to the staff of Radio Sarawak, whose mterest 
and help made these recordings possible, and to 
Dr K E Machm, of the Department of Zoology, 
Cambridge, for the analysis of the recordings and for 
the discussion on the identification of a bird’s own 
eall 


‘Novick, A (in the press) Also mde Griffin, D R , "Listening in the 
Dark", 294 (1958) 

* Dagnan, H G , Bull Brit Orn Cl , 75, 82 (1955) 

* 8mythies, B E , Sarawak Mus J ,7 (24), 623 (1957) 

* Graphically described, though not named, by Loke Wan Tho in 
Griffin (ref 1, p 292) 

$ Chasen, F N , "The Birds of the Malay Peninsula", 4, 115 (1939) 

5 Grifün, D R , Proc U S Nat Acad Ser , 89 (8), 884 (1953) 


IONIZATION PHENOMENA IN GASES 


HE fourth International Conference on Ioniza- 

tion Phenomena m Gases took place at Uppsala, 
Sweden, durmg August 17-21 The very wide pro- 
gramme included sections on plasma physics, as well 
as on fundamental processes and other applications 
of electric discharges, and attracted a representative 
gathering of about 800 scientists from research 
organizations active in this field m twenty-five 
different countries This number of delegates repre- 
sented a considerable increase when compared with 
the previous Conference at Venice m 1957, and 
reflects the mcreasing world interest in this subject 
After a short opening address by the honorary 
president, the Rector Magnificus of the University 
of Uppsala, Prof Torgny Segerstedt, the general 
pattern of the Conference followed closely that of 
previous conferences m the series’, m that part of 
each day was devoted to plenary sessions, at which 
general survey papers were read, while foi the rest 
of the time the Conference split mto four parallel 
sessions taking place simultaneously The titles of 


these sessions were (l) Fundamental Processes, 
(2) Different Types of Discharges and Ther Appli- 
cation , (3) Theoretical and Expermnental Studies in 
Plasma Physics, and (4) Production, Confinement 
and Heating of Plasmas Since there were, altogether, 
about 250 papers presented, considerations of space 
make ıt nnpossible to give a complete coverage ın 
this report, mstead, a selective review of the papers 
given in the plenary session together with those in 
the related sessions which can be regarded as having 
the most general interest ıs grven, but this mevitably 
means the omission of mention of many papers 


Fundamental Processes 


W L Fite (San Diego) presented a paper surveying 
recent advances m the study of collision processes mn 
gases, n which he first discussed the results obtained 
for the cross-section for scattermg and electron 
exchange usmg modulated crossed-beam techniques, 
work with which he himself has been associated for a 
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number of years Further work on the determination 
of melastic collision cross-sections using the trapped 
electron method was then discussed, and the paper 
concluded with a review of recent results on heavy- 
particle collisions usmg an extension of the modulated 
cross-beam techniques This particular aspect of the 
work was discussed m more detail by the same author 
1n a later paper grven m Section 1, results bemg given 
for cross-sections of charge transfer and ionization for 
H* and H, and for charge transfer and electron 
stripping for H- m H within. a range of 10n energies 
from 50 eV to 50 keV Other experiments using 
crossed beams were described by R L F Boyd and 
A Boksenberg (London), who reported on measure- 
ments of ionization cross-section of electrons m H 
together with a trochoidal mass spectrometer analysis 
of the 10ns produced The trapped electron method 
was also described 1n detail m a later paper by G J 
Schulz (Pittsburgh), who showed that usmg this 
method ıt ıs possible to study the shape of an 
excitation function from its onset to 3 eV above 
onset An mteresting result obtamed m these experi- 
ments was that there is a large inelastic peak m 
nitrogen and carbon monoxide at 2 3 eV and 1 7 eV 
respectively , the formation and subsequent decay 
of temporary negatrvo-10n states of nitrogen and 
carbon monoxide was put forward in explanation of 
these results 

Several papers were presented on the measurements 
and calculation of collision cross-sections fo: particles 
of high energies up to 200 keV Particulaily active 
in. this field are the members of the Physico Technical 
Institute of the Academy of Science of the USSR, 
who presented three papers (two of which were read 
by N V Fedorenko and the other by V M Dukelsky), 
giving the results of measurement on electron- 
capture by multiply charged 10ns, on the 10nization 
of inert gases by protons, and on the ionization of 
high-velocity alkali atoms by collisions with atoms 
of mert gases The results of recent measurements 
on the growth of pre-breakdown ionization currents 
for several organic vapours were reported by A E D 
Heylen (London), and for ar by A N Prasad and 
J D Craggs (Liverpool) and by J Dutton, F 
Llewellyn-Jones and R W Palmer (Swansea), in 
the latter two papers the influence of attachment on 
the growth of 1onization was also assessed A tech- 
nique for the measurement of attachment coefficients 
for very low-energy (nearly thermal) electrons in 
oxygen and nitrogen was deseribed by M A Biondi 
(Pittsburgh) and the results analysed m terms of two- 
and three-body colhsions Other papers concerned 
with ionization coefficients were those of J M Meek 
(Liverpool) who put forward the proposal that the 
decrease m secondary ionization with mereasing con- 
centration of water vapour m aur 18 due to & reduction 
of the photo-electric emission'consequent on the absorp- 
tion of photons by the water vapour, and of D E 
Davies, J G C Mine and J Myatt (Keele) who 
discussed the influence of gas purity, tube geometry 
and method of calculation on the determunation of 
10mzation coefficients in hydrogen and the mert gases 

Another survey paper dealmg with fundamental 
processes was given at one of the plenary sessions 
by G L Weissler (Los Angeles), who described the 
techniques used to study the mteraction of the 
vacuum ultra-violet photons (hv = 7 to 30 eV ) with 
gases Of particular terest were the results obtained 
using mass spectrometer techniques for identification 
of the ions m the determination of specifie photo- 
ionization cross-sections, and of 1on molecular reaction 
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rates for such complex ions as N,H' It was shown 
that with equal concentration of nitrogen and 
hydrogen the number of N,H* 1ons produced per 
unt hght mtensity mereased with mcreasing energy 
of the mradiating photons throughout the range 
mvestigated, whereas the number of H,* 10ns showed 
a peak withm this range Further studies of the 
mteraction of photons with gases were described in 
papers by D K Davies and F Llewellyn-Jones 
(Swansea), who discussed the mfluence of collisions 
of the second kind between excited and neutral 
molecules, on secondary ionization m hydrogen, and 
by A Przybylski (Hamburg), who reported measure- 
ments of the absorption coefficients m oxygen and 
nitrogen of gas-10nuzing radiation produced by corona 
discharges in the same gases "The complex structure 
of the optical excitation functions revealed in experi- 
ments with mercury and helum were described by 
H M Jongerius (Utrecht) m a jomt paper with C 
Smut and J A Smut, and theoretical calculation of 
the ls—2p electron exeitation cross-section of atomic 
hydrogen was reported by A Kingston, B L 
Moiserwitseh and B Skimner (Belfast) 

Another topic surveyed in a paper at one of the 
plenary sessions was that of recent work on the study 
of current growth and on avalanches of large ampli- 
fication, by H Raether (Hamburg) The techniques 
developed at Hamburg for the study of smgle electron, 
avalanches in gases such as methane (where large 
amplifications can occur durmg the first electron 
transit tıme) were described It was reported that 
the probability of these large avalanches leadmg to 
kanal breakdown increased with the number of 
carriers (elections) in the avalanche The statistical 
nature of such avalanches was discussed, and in a 
later paper H Schlumbohm (Hamburg) deseribed m 
detail the way m which the primary ionization 
coefficient may be obtamed from measurements of 
avalanche statistics, and gave results for various 
organic vapours Another member of the same group, 
L Frommhold, presented results of measurement of 
the drift velocity and mean energy of agitation of 
electrons, obtained by studying the electron com- 
ponent of electron avalanches Raether concluded 
his paper by discussmg the growth of ionization in 
the case where there 1s a relatively strong external 
uUlummation of the cathode, which makes statistical 
variations of avalanche size relatively unmmportant 
Expermental results for temporal growth of 1onza- 
tion under these conditions were given by F 
Llewellyn-Jones and E Jones (Swansea), who 
showed the importance of the stability of the cathode 
surface in such investigations which involve accurate 
measurements of formative tıme lags, and how the 
magnitude of the mdrvidual secondary ionization 
coefficients in hydrogen and hence the growth times 
depend on the state of the cathode surface Another 
paper on the effect of the state of the cathode on 
growth times and sparking potentials m hydrogen 
was given by B J Hopkins (Keele) m a paper with 
D E Davies, R K Fitch and C F Gozna Break- 
down potential measurements for the interesting 
region below the Paschen mimimum and fo ac 
fields were described and discussed by H Niesters 
and L Graf (Aachen), respectively The way in which 
space charge influences the curient growth to give 
the observed voltage-current density characteristics 
was investigated in a paper by A L Ward and M. J 
Reddan (Washington) 

The remammg papeis under this heading were 
mainly devoted to problems associated with the bom- 
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Arc, Spark and Glow Discharges 


Discussmg recent progress in are research in & 
paper to one of the plenary sessions, W Lochte- 
Holtgreven (Kiel) first described results of mass 
spectrographie analyses of heavy 10ns (produced, for 
example, from pumpmg oil) ın electro-magnetically 
compressed ares, showing that a resolution of 1 part 
in. 4,000 ıs attamable 

The way in which radiation from are discharges 
has been analysed to determine the contribution due 
to the formation of negative ions was outlmed, and 
ib was shown that this process contributed in very 
large measure to the total radiation m oxygen 
Suniar studies m nitrogen have demonstrated the 
existence of a metastable negative ion of nitrogen 
with a short hfe-tume of about 10-5 to 10-? sec , which 
is consequently not detectable by the usual mass 
spectroscopic techniques , this result is m agreement 
with the results of Schulz mentioned above 

Also discussed were chemical processes occurring 
m are discharges, and the use of arc discharges m the 
separation of isotopes of neon, and of neon and 
nitrogen by thermal diffusion techniques 

Experimenta] and theoretical studies on the decay 
of interrupted arcs were discussed m papers by H 
Edels and by D Whittaker (Liverpool), respectively 
It was shown experimentally that the miti] decay 
of gas temperature durmg the first 500 usec 1s of the 
order of 1 7° K per psec from an mihal value of 
71,200? K, the full recovery taking approximately 
l seo The theoretical treatment proceeded by first 
determmimg the steady-state radial distribution for a 
specified current and field strength and thon cal- 
eulatmg changes m that distribution as a function of 
time, using the variation of thermal conductivity, 
specific heat and gas density with temperature A 
paper on the re-ignition of ac ares was given by 
W Rueder and H Schneider (Vienna), who discussed 
the measurement, by calormetric means, of the 
cooling effect of the electrodes , and put forward an 
explanation for the sudden step m the re-ignition 
voltage in the recovery curves for low-current ares, 
m terms of the disappearance of electrons from the 
gap ‘The post-are behaviour of two practical crreurt 
breakers was discussed in a paper by V K Bisht, 
G A W Rutgers and D Th J ter Horst (Arnhem) 
m which measurements on the effect of pressure and 
rate of rise of re-striking voltage on the value of the 
post-arc current were reported 

The behaviour of argon ares in axial magnetic 
fields was diseussed in & paper by M. MoChesney, 
P C MeNeiland J J Matthews (Rugby), who gave 
an account of spectroscopic, rotating mirror and 
voltage-current measurements Ares in transverse 
magnetic fields were the subject of a paper by P E 
Secker (London), who reported mvestigations of the 
effect of the cathode surface on arcs moving in the 
Amperian direction ; experiments on the Ampenan 
and retrograde motion of arcs m & magnetic field 
molined to the plane of the cathode were reported m 
a paper by A E Robson (Harwell) 

Sparks m long gaps were discussed in two papers 
by R T Waters and R E Jones, members of the 
Associated Electrical Industries, Aldermaston The 
first paper described how the impulse breakdown of 
long mhomogeneous field. gaps was studied by means 
of tame lag measurements, and how attempts to 
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explain these measurements were made by correlation 
with field distortion produced by space charge 
created m the gap by the mmtial corona bursts In 
the second paper a different technique for studymg 
the same problems was described This technique 
involved pulse chopping and high-speed photography 
to measure the growth times of leader channels to 
within + 0 05 psec The step-lengths of the spark 
leaders so measured were discussed m relation to the 
Schonland theory of hghtning steppmg An analysis 
of the relation between lghtning discharges and 
whistlers was given m a paper by H  Nonnder 
(Uppsala) 

Striations m the positive column of glow discharges 
weie discussed in papers by M. Klerk (Emdhoven), 
who described measurement on de and high- 
frequency discharges in tubes of various geometries, 
by W Sehallreuter (Greifswald), who mvestigated 
the dependence of frequency, wave-length and 
velocity of moving striations on various discharge 
parameters, and by A Rutscher of the same labora- 
tory, who described investigations of spectral emission 
from moving striations in neon glow discharges A 
theoretical discussion of the positive column of low- 
pressure mercury-rare gas discharges, using the cross- 
section curves for excitation and ionization of 
mercury. the Ramsauer cross-section curves of the 
rare gases and takmg into account the imprison- 
ment of the 1esonance radiation was given by 
M <A Cayless (Rugby) D Muller-Hillebrand 
(Uppsala) described investigations of the conditions 
under which hydrogen-air and propane-air mixtures 
can be ignited by corona discharges, and con- 
cluded that discharges from poimts with currents 
up to 100 vamp do not ignite gas—air mixtures, 
whereas discharges fiom rounded objects can ignite 
at an effective current of less than 5 pamp A paper 
by J S T Looms (Leatherhead) described mvesti- 
gations to assess the importance of corona as a source 
of interference with micro-wave communication It 
was found that even when de powers as great as 
60 watts were developed in discharge systems 15 cm 
im length, no noise output greater than 1 per cent of 
that of an argon noise reference source was observed 
From this and other results ıt was concluded that 
de corona is not a serious source of interference m 
the X-band 

Many of the remainmg papers ım this section were 
concerned with the mechanism of Geiger-counter 
discharges, a subject which still provokes attention 


Plasma Physics 


In reviewmg that section of the Conference devoted 
to plasma physics, main attention must be directed 
to the plenary session on recent results from research 
on controlled thermonuclear reactions 

The session opened with a series of papers from the 
United States, J L Tuck (Los Alamos) first dis- 
cussed recent work on Scylla and stated that rb was 
beheved that neutrons obtamed from this device were 
truly thermonuclear Hoe also discussed the difficulties 
inherent in research on controlled thermonuclear 
reactions due to the onset of cyclotron resonance, 
and described a new machine, known as Pocket Fence, 
having a four-cusped magnetic field configmation, 
which, 1t was hoped, would succeed m overcommg 
the problems created by cyclotron resonance Other 
work on Scylla and on a rotating plasma contamment 
device called Imon had earher been presented by 
F L Ribe (Los Alamos), m which measurements of 
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the diamagnetism of the plasma during its accelera- 
tion and after removal of the radial electzic field were 
discussed i 

R F Post (Livermore) reviewed recent progress 
on mirror machines where mvestigations have been 
concerned primarily with (a) studies of injection 
methods, (b) investigation of diffusion and non- 
adiabatic loss processes, and (c) further attempts to 
analyse the energy spectrum of trapped and heated 
plasma particles The experimental difficulties bemg 
encountered at this stage m the project were out- 
lned Results were given of measurements of the 
radial distribution and rate of diffusion loss of the 
high-energy electron component of a heated plasma, 
produced by magnetic compression 

The present state of the DCX experment was 
reported by A H Snell (Oak Ridge) and difficulties 
bemg encountered m providing a suitably energetic 
injection system were analysed The paper discussed, 
among other things observations on the spreading of 
the trapped ions, life-tumes of trapped particles, the 
density of the trapped plasma and an assessment of 
the factors that may be muting this density Another, 
earher paper by J 8 Luce (Oak Ridge) had discussed 
m more detail the tappmg of high-energy ions 
withm the walls of a hollow vacuum are This wall 
prevents neutral atoms from reaching the trapped 
ions and therefore reduces charge exchange losses 
New are techniques were described which include 
plans for 15 m diameter discharges 

Contributions from the United Kangdom were 
presented by G Francis (Harwell), G B F Niblett 
(Atomic Weapons Research Establishment, Alder- 
maston) and D R Chick (Associated Electrical 
Industries, Aldermaston) Progress reported from 
Harwell meluded the recent identification of Alfvén 
waves imm a high-current toroidal dischage, an 
earher paper by D F Jephcott (Harwell) had dıs- 
cussed measurements of the velocity and damping 
of these waves Other fields of investigation have 
included expermnents with hnear pinch and mverse 
pinch systems (which have shown that m tho mverse 
pinch ease the current sheath remains stable for a 
longer tame than 1n the straightforward pinch system) 
and some further work on Zeta 

Much of the work on devices such as the thetatron 
(azimuthal cunent) earried out at the Atomic 
Weapons Research Estabhshment, Alde: maston, had 
been reported in other papers, so that the review 
by G B F Niblett was confined to a discussion of 
attempts to produce very large iates of current 
growth, by the design of very low mductance systems, 
and some very recent studies of dissociation phen- 
omena m the hydrogen molecule Rates of current 
rise of 6 x 10? amp /sec, with peak currents of 
3 x 10° amp, were reported for the parallel spark 
gap condense: bank known as Magge Agam, 
because of many earher papers from other members 
of the AEI team, the review by D R Chick 
was confined to a description of the design and 
engmeermg of the machine to be known as Scepire 
IY, and an outline of the proposed experimental 
programme 

Although members of the USSR delegation 
delivered papers durmg this plenary session, there 
were no review papers m the sense of those presented 
by the United States and the United Kingdom 
Because of this, the papers from the USSR will be 
diseussed in those sections of this report to which 
they were directly related Two other papers con- 
cerned with thermonuclear mvestigations were pre- 
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sented ın plenary sessions W B Thompson (Har- 
well) considered fine-scale magneto-hydrodynamic be- 
havioui m plasmas, where the effects of the finite 
10n Larmor radius may be important, by use of the 
collision-free Boltzmann equation A consistent 
series expansion of this equation was used to derive 
fust-orde: magneto-hydrodynamics, and the magneto- 
hydrodynamic shock was studied as an application 
of this techruque — Recent Progress in Shock Wave 
Research” was the title of a paper by A C Kolb 
(Washington), and m 1:5 he described the spectro- 
scopic study of temperature and density in shock- 
wave fronts Very high-ionization densities had been 
achieved and there was strong evidence foi high 
temperatures, and thus considerable ionization, ahead 
of the travellmg wave-front, probably produced by a 
radiation process In the general paper sessions, 
those concerned with plasma physics were divided 
into two (a) theoretical and expermmental studies im 
plasma physics, and (b) production, confinement and 
heatmg of plasmas ‘These two sections will be 
briefly reviewed mdividually 


Theoretical and Experimental Studies in Plasma 
Physics 


The topics in this section weie transport phen- 
omena, teractions involving electric and magnetic 
fields, mueio-wave radiation measurements and 
spectra from plasmas 

An interesting theoretical approach to transport 
phenomena was described m a paper by M N 
Rosenbluth and N Rostoke: (San Diego), where, m a 
fully ionized plasma, all field particles are considered 
to be in equilibrium except for one ‘test’ particle 
The resultant reaction on this test particle, due to 
its mteraction with the field particles, consists of a 
fuctional drag and a random force that produces 
acceleration and diffusion m velocity space A sys- 
tematic procedure for determing these effects with 
no magnetic field and in the presence of a constant 
magnetic field has been developed 

The topic "Interaction mvolving Electric and 
Magnetic Fields” produced the largest number of 
papers of any at the Conference Among them was 
a paper by Dermikhanov, Gevarkov and Popov 
(Moscow) on “The Interaction of a Beam of Chaiged 
Particles with a Plasma” This paper described the 
investigation of plasma oscillations created by a con- 
tinuously injected electron beam It was shown that 
the maximum intensity of plasma oscillation is pro- 
duced when the electron beam passes through the 
plasma Electromagnetic fields with the same plasma 
frequencies were also found outside the plasma 
column, the intensity of these oscillations as a 
function of the density of the plasma was mvesti- 
gated and found to be the same as that inside the 
plasma column Detection of these oscillations 
‘was possible because of the considerably increased 
sensitivity of the recoidmg apparatus compared 
with that used by previous workers Another 
paper on this topic was that by Khazchenko and 
others (Moscow), in this case an electron beam was 
modulated by oscillations m a plasma through which 
it passed and afterwards detected in a resonant 
cavity 

Other papers of mterest included one by J A. 
Wesson (Associated Electrical Industries, Alder- 
maston) on the effect of runaway electrons on the 
heatmg of a plasma, where ıt was shown that, for 
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constant electric field, runaway electrons set a limit 
to the temperature which can be efficiently achieved 
by ohmic heating , but for constant current density, if 
the fraction of the current carried by the runaways 
1s small, this fraction will decrease as the temperature 
mereases <A paper by I B Bernstem and I N 
Rabinowitz (Prmceton) considered the velocity dis- 
tribution of plasma electrons m an external magnetic 
field when the ions are assumed to be infinitely 
massive, and electron-electron mteraction 1s sup- 
pressed These assumptions produced equations 
which could be solved numerically on a computer, 
and results mdicated that, with an mitially Max- 
welhan distribution, the distribution functions do 
not develop the double-humped character which 
oscillation theory indicates to be unstable 

J E Allen and F Magistrelli (Rome) described 
experiments on the plasma sheath transition in the 
presence of a magnetic field Usmg an azimuthal 
magnetic field which could be applied m the ‘pmch’ 
or ‘anti-pmch’ direction, they showed that a mag- 
netic field in the pinch direction reduced the directed 
energy of the positive 10ns leaving the plasma and a 
magnetic field im the anti-pinch direction inereased 
this energy The result was shown to be in accord 
with theoretical predictions 

S O Brown (Massachusetts) m his review paper 
on “High Frequency Waves m Ionized Gases" con- 
sidered the various types of electromagnetic waves 
that are set up ın an ionized gas due to the application 
of a magnetic field There are six natural frequencies, 
three being cyclotron frequencies and three plasma 
frequencies Because the magnetic field 1s a vector 
the resultant oscillations in the plasma can be 
parallel or perpendicular to the field and thus a 
very large 1ange of possible oscillations exists 
The paper discussed some basic properties of these 
waves 

A fasemating combmation of plasma and micro- 
wave physics was presented in a paper by G S Kmo 
and B Ludoviei (Stanford) The paper discussed a 
plasms, parametiic amplifier based on the principle 
that if electromagnetic waves of three frequencies 
©, 6, and @, such that o = o, + ©, can be propa- 
gated through a loss-less non-hnear medium with 
propagation constants B, Bi, B, strong interactions 
will take place between these signals if B & B, + 8s, 
if w 1 of large amphtude there will be a power 
transfer to o, and c, This prmerple has been con- 
firmed m & mercury vapour de discharge with 
c = 800 Mc js , o, = 500 Mo [s , andw, = 300 Me [s 
Both œw, and œ, have been observed to merease in 
amplitude by a few db m travelling from one end of 
the positive column to the other 

The broadenmg of spectral hnes by Stark effects 
was discussed by H Margenau (Yale) Equations 
for the calculation of half-widths were given for thiee 
different cases (1) when both electrons and 10ns can 
be treated by mmpact theory, (1) when the electrons 
can be treated by 1mpaot theory but the ions have to 
be considered statistically, and (m) when both elec- 
trons and ions can be treated statistically Physical 
conditions to which these equations are applicable 
were discussed Improved methods of calculating 
Stark broadening of spectral Imes were presented m 
a paper by H R Griem (Maryland) and A C Kolb 
(Washmgton) It was shown that the calculated hne 
profiles depend only shghtly on temperature and can 
therefore be used to deduce electron densities m 
dense plasmas from measured profiles with much 
improved accuracy 
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Production, Confinement and Heating of Plasmas 


This section, as with the other sections of the Con- 
ference, was spht into sub-sections which were: 
(a) the longitudinal pinch , (b) miror machines and 
the azimuthal pmch; (c) shock waves » and (d) 
further methods of production and confinement 

In a paper by D W Allan (London), consideration 
was given to the detailed behaviour of the simple 
unstabilized pmoch in respect of the inward movement 
of the current sheet He concluded that evidence 
favows the free-particle piston model and the shock- 
wave model rather than the snow-plough model 
Whether the behaviour follows more closely the freo- 
particle model or the shock-wave model depends on 
the effective mean free path 

Two papers by S A Colgate, H P Furth and 
others (Livermore) discussed the linear and toroidal 
hard-core or mverse pmeh Small-scale mstabilities 
in the hnear case have been shown to be of non- 
hydromagnetic origm A toroidal version of the 
hard-core pinch has been attempted using a magnetic 
field to levitate a rmg conductor inside a toro:dal 
shell This device will be used to study the nature of 
these small-scale mstabilities and also to study the 
stability of near-vacuum field hard-core configura- 
tions and to determine if this stabihty leads to an 
improved containment of the plasma energy “A 
Dynamically Stable Current Column" was the tile 
of a paper by V S Komelkov and others (Moscow) 
The formation and development of a current cord 
appearing durmg the movement of a plasma jet 
were exammed by means of advanced high-speed 
photographie techniques Measurements were made 
of the current distribution m the moving plasma jet 
and showed that the current m the cord had remamed 
stable throughout the half-period of the discharge 
The existence of a radiation continuum the appearance 
of which comeided with the appearance of the current 
cord had also been demonstrated 

A Kantrowitz and others presented a paper on 
the use of collision-free shocks to study dissipation 
mechanisms im collision-free plasmas At high tem- 
peratures, colhsional dissipation in plasmas is slow, 
and losses due to magneto-hydrodynamie turbulence 
become important Prelammary experiments show 
that it 1s possible to produce shock waves that obey 
the required theoretical condition that the shock 
thickness 1s less than the mean free path, and that 
observations on these thin shocks can provide a 
powerful tool for the study of dissipative mechanisms 
m eollision-free plasmas 

Finally, L Hogberg, K Siegbahn and K Bockasten 
(Uppsala) described an apparatus for the electrode- 
less generation and acceleration of plasma rmgs A 
single-turn primary winding placed close to the end 
wall of a ‘Pyrex’ tube induces a ring discharge which 
is accelerated as a function of the gas current and 
the magnetic field Ion velocities in the range 
10%-10? cm see have been observed with this 
technique 


Conclusion 


Duimg the Conference, visits to the Institute of 
Physics and the Institute of High Tension Research 
at Uppsala and the Nobel Institute of Physics m 
Stockholm were organized , a full social programme 
for members and thew wives was also arranged All 
those concerned with the organization of the con- 
ference and particularly the hard-working secretary,. 
Der Ake Nilason, of the Institute of Physics, Uppsala, 
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are to be congratulated on the excellence of the 
arrangements which enabled such a large conference 
to run so smoothly throughout 

It 18 no reflexion on this organization to comment 
that these conferences, mcludmg as they do such a 
wide range of topics, are becommg too large and 
unwieldy , one possible solution would seem to be 
to divide the subject-matter mto two gioups, one 
devoted to ionization phenomena and gas discharges 
and the other to controlled thermonuclear research 
and plasmas If these groups were arranged to run 
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consecutively ıt would give those with interest m 
both fields an opportumty to attend more of the 
lectures m which they are interested, while con- 
siderably reducmg the total number of delegates 
present at any given time 
The next conference m this series 18 to be held m 

Germany, probably at Baden-Baden, durmg 1961 

J DurroN 

D HancowsxE 

E Jones 


1 Garion, W R S,and Latham, R , Nature, 180, 790 (1057) 


RADIO ECHO OBSERVATIONS OF VENUS 
By J. V EVANS and G N. TAYLOR 


Jodrell Bank Experimental Station, University of Manchester 


URING September 1959 an attempt was made 
to observe radio echoes from the planet Venus 
usmg the 250-ft radio telescope at Jodrell Bank 
The radar equipment used with the telescope operated 
on a frequency of 408 00 Mc/s The transmitted 
power was 50 kW, pulse-length 30 msec and pulse 
repetition rate 1 per sec The receiver had a noise 
figure of 4 6 db and a bandwidth of 60 cps The 
overall losses in the feeders amounted to 2 5 db, 
and the polarization of the transmitted wave was 
right cweular Observations were made with the 
telescope in continuous motion to follow the planet 
across the sky, with alternate periods of transmitting 
and recervmg The length of these periods was 
approxmately equal to the time of travel of the radio 
pulse to and from the planet (5-64 mm ) 


No echoes were observed with this equipment 
stronger than the noise-level m the receiver An 
analysis of the signals for echoes which were weaker 
than the noise was made with an integrating equip- 
ment, which added together receiver noise powers 
corresponding to the same range-intervals on suc- 
cessive sweeps of the time-base With this system 
eight adjacent range-mtervals were examined These 
were made equal m width to the transmitter pulse 
(30 msec ) and ther distance along the time-bago 
was controlled m order to compensate for the change 
m range of Venus, so that any echo would remain 
m the same 30 msec time-mterval It was also 
necessary to provide compensation for the Doppler 
Shift of the echo relative to the transmitter 
frequency 


Total integration: 583 hr 






+60 


+40 


+20 


Deviation from mean count 


—40 


0 30 60 90 120 


Range of echo observed by Price (ref 1) 


Ne SA li o ale a 
standar 
+19 |€— deviation 


Mean count 
= 12214 


es 


Time (msec ) 


Fig. 1 The deviations of the counters tn the integrator system from their mean is plotted as a histogram Different positions of 
* the eight gates along the time base were employed and only seven range-intervals were common to all the pertods of observation 
Hence there are only seven counts shown in the histogram 
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Exhaustive checks were made to confirm that the 
integrated noise counts ın the eight range channels 
showed statistical fluctuations which agreed with 
theory, and that no systematic errors were introduced 
by, for example, the operation of the transmitter or 
the telescope Such systematic errors were unlikely 
because the transmitter and receiver operated altern- 
ately for 5-6 mm intervals 

A total of 58$ hr useful operating time was 
obtamed before the range of Venus had moreased to 
a point where futher work was not considered worth 
while The addition of all the periods of observation 
1s presented as a histogram (Fig 1) where one of the 
eight range-intervals shows an excess count of 24 times 
the standard deviation The addition of many 
samples of noise by the integrating equipment gives 
a Gaussian distribution of counts, hence there is an. 
8 per cent chance that noise alone will produce a 
count 24 standard deviations greater than the mean 
in one of eight channels If the high count 1s caused 
by the planetary echo, then the 1ange observed gives 
a value for the solar parallax of 8 8020 + 0 0005 sec 
ofare Thuis value is in agreement with that obtamed 
by Price eż al ! using the Millstone Hill Radar Station 
operated by Lincoln Laboratory of the Massachusetts 
Institute of Technology (8 8022 + 0 0001 sec of arc) 
The likehhood that, by comeidence, a high count 
should appear m the 1ange mterval predicted by the 
Millstone Hill result ıs 1 per cent 

The signal-to-noise ratio 1equned to produce an 
excess count of 24 standard deviations has been 
estimated by applymg to the receiver signals which 
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are weaker than the noise by a known amount, and 
is —23 +2 db This 1s within 6 + 2 db of that 
expected on the basis of a model for Venus m which 
1b was assumed that the scattermg 1s similar to that 
observed for the Moon? and that the period of rotation 
ws of the order of 20 days However, the result 1s not 
m agreement with the work reported by Price, which 
suggested that the radar cross-section of Venus was 
equal to the physical area presented by its disk If 
this were the case a signal-to-noise ratio of about 
—5db should have been observed This discrepancy 
of 18 db in signal strength might be accounted for 
in two ways (a) if the rotation period of Venus is 
much faster than once every 20 days the Doppler 
broadening of the echo will cause some of the recerved 
power to fall outside the 60 e ps bandwidth limit of 
the receiver , (b) 1f the echo ıs subject to large rapid 
changes in intensity then because a square law 
detection system was employed at Millstone Hull, a 
false estumate of the average signal-to-noise ratio 
would be obtamed Such fadmg could not have been 
caused by Faraday rotation m the Earth's ionosphere 
beeause circularly polarized radio waves were used 
m both experiments 

We are mdebted to our colleagues at Millstone Hill 
for then mterest and co-operation, particularly in 
producing for us predictions of the range and Doppler 
corrections which were applied to select the recerved 
signal 
1Price, R ,Gieen, P E,jun, Goblick, T J , Kingston R H , Kraft, 

G jun ,Pettengill, G H , Silver, R ,and Smith, W B , Seence, 
129, 751 (1959) 

? Evans, J V, Proc Phys Soc , B, 70, 1105 (1957) 


OBITUARIES 


Prof. M Caffrey 


'TanOUGH the death of Prof M  Caffrey, which 
occurred on September 17 at the age of seventy, 
Ireland has lost an outstandmg personality m the 
field of agricultural science and one who took an 
active part m the Faculty of Agriculture in the 
National University of Ireland 

Michael Caffrey was born at Lughill, near Monas- 
terevan, Co Kildare He received his early education 
ab the local national school and at the Christian 
Brothers’ School, Monasterevan He entered the 
Albert Agricultural College, Glasnevin, m 1908, and 
m the following year was awarded an agricultural 
scholarship mto the Royal College of Science, Dublin 
After a distingushed undergraduate course, he 
gamed the diploma of the latter institution 1n. 1912, 
and was appointed as assistant to Dr H Hunter m 
the Plant Breeding Section of the Department of 
Agriculture, Dublin. The studies and work he then 
undertook under the able guidance of Di Hunter 
formed the basis of hus later successful career 1n plant 
breeding, lecturmg and teachmg When Dr Hunter 
resigned after the First World War, Caffiey became 
head of the Plant Breeding Section of the Depart- 
ment of Agriculture, and when a Faculty of Agrı- 
culture was established in the National University of 
Treland in 1927, the University made him lecturer m 
plant breeding, and afterwards m 1938 appomted him 
to fill the newly established chaw of plant breeding, 
a post which he oceupied until his death 

Throughout his career, Prof Caffrey remamed in 
close contact with the Department of Agriculture, 
which he kept supphed with nucleus stocks of leading 


cereals and grasses These m turn became available 
to the various county committees of agriculture, by 
which they were tested and repoited on m due 
course  Piof Caffrey was also m close contact with 
plant breedimg stations abroad, and he introduced 
many foreign cultivars of wheat, oats and barley 
They were tested agaimst cultivars commonly grown 
in Ireland and numerous crosses made with the most 
promismg sorts Durmg four decades he produced 
not only varieties of wheat suitable to local soil and 
climatic conditions, but also improved varieties of 
oats and grasses In crossmg and breeding, Prof 
Caffrey was particularly mterested m the reaction of 
the hybrids to disease resistance, and one outstandmg 
case of his work on this aspect may be quoted here 
At Glasnevin, year after year, the most common and 
serious disease of wheat has been yellow rust (Pucca 
glumarum) To combat this, Caffrey produced 
the cul&àivar Glasnevin Rosa, a wheat which was 
immune to yellow rust for seven years, a period 
which 1s about usual for varieties bred immune or 
resistant to rust diseases before they become attacked 
by new strains of the pathogen which develop m the 
meantime 

Close co-operation always existed between the 
Plant Breeding Division and the Plant Pathological 
Division at Glasnevin, and down the years the 
latter Division has been mdebted to Prof Caffrey on 
many occasions for directing attention to outbreaks 
of disease and to the appearance of new pathogens 
on cereal crops 

Although Prof Caffrey’s entire professional career 
was devoted to plant breeding, he had a wide interest 
m all agricultural subjects He was a founder Council 
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member of the Irish Grassland Association , & mem- 
ber of the Agricultural Commission appomted by the 
Government to examine agricultural development m 
the late thirties, and m general he identified hım- 
self with many agricultural developments He was 
equally at home with students and scientific audiences, 
and as a lecturer on behalf of the Royal Dublin 
Society be became mtimately acquainted with and 
lughly appreciated by a wide range of farmers all 
over the country 

Prof Caffrey’s outspoken manner, gemal person- 
ality and hearty laugh will long be remembered by 
all who knew hum He was predeceased by his wife 
some years ago, and he 1s survived by three sons 
and three daughters, for whom the greatest sym- 
pathy 1s felt R McKay 


Dr E J Holmyard 


Eric JogN Hormyarp was born on July 11, 1891, 
at Midsomer Norton, Somerset, and all his hfe he 
was a faithful man of Somerset He was a scholar of 
Sidney Sussex College, Cambridge, and after gradua- 
tion he served as a sixth-form science master at 
Marlborough College durmg 1917-19 He then 
became head of the Science Department at Clifton 
College, an appomtment which he filled with signal 
success for the twenty years 1920-40 It was at 
Clifton that his best work was done In 1941 he 
became editor of Endeavour, retiring in 1954 to lve 
at Clevedon, Somerset Among his other activities, 
he was chamman of the Society for the Study of 
Alchemy and Early Chemistry and co-editor of a 
“History of Technology” m five volumes 

Holmyard, as a teacher, well knew the capacities 
of young pupils at school, and his books on inorganic 
and organic chemistry of this standaid have de- 
servedly been very popular They are written m a 
lucid and attractive style and many readers of this 
notice must owe ther mtroduction to chemistry to 
them In collaboration with F A  Phubrick, he 
wrote a more advanced book on theoretical and 
inorganic chemistry which has also been very suc- 
cessful All these books present the basic facts of 
chemistry as an experimental science, relating them 
to general prmerples m a way which gives them 
significance and interest, but the theory is kept m 
proper proportion, so that those who gained their 
knowledge fiom them m the past will now have very 
httle to unlearn 

Dr Holnyard, who was & member of the Royal 
Asiatic Society, will probably be best remembered for 
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his profound studies of Muslim chemistry He was 
well equipped with a knowledge of Arabic, and m 
this field he was a recognized authority He made a 
special study of Jabir ibn Hayyàn and the writings 
attributed to him He published some Arabic texts, 
biought to light some httle-known works of Jàbir, 
and re-mterpreted some which had previously been 
studied More recent research has shown that the 
problem of Jàbm 18 very difficult and much remains 
to be cleared up, but Holmyard’s pioneering work 
has a permanent value He showed that the theory 
which dommated alchemy and early chemistry, that 
metals are composed of mercury and sulphur, was 
taught by Jàbm, who derived ıb from a statement in 
the “Meteorology” of Aristotle 

In collaboration with his pupil at Clifton, Mande- 
ville, Holmyard published the Arabie text and a 
translation of a work known in Latin as by Avicenna 
and showed that it is, in fact, part of the genume 
Shifa@ of Ibn Sma This text, which denies the 
transmutability of species and stigmatizes alchemical 
gold as fraudulent, was a puzzle 1n the Middle Ages, 
when it was thought to be part of the "Meteorology" 
of Aristotle Holmyard also edited and translated an 
alchemical text of Abu’l Qasim al ‘Iraqi In all these 
studies he made much use of the writings of Jildaki, 
available only m manuscripts, and established then 
value as a source of information on Muslim alchemy 
The work m this field by Holmyard completely 
changed the outlook on Muslim chemistry which 
prevailed when he began 

Holmyard wrote some excellent small books on 
the history of chemistry, the best known bemg his 
“Makers of Chemistry” and his recently published 
“Alchemy” These are accurate and authoritative, 
and ıb 1s to be regretted that he did not write a 
general survey of Muslim chemistry which he was so 
well qualified to undertake 

Holmyard was modest and unassummg, ready to 
put his knowledge at the disposal of those who asked 
it, with a cool and critical outlook m scholarship, 
expressing himself concisely and avoiding polemics 
His learning sat lightly upon hun, and for all he 
cared ıt could remain unknown in circles mcapable 
of understanding ıt He was open and friendly and 
in whatever company he found himself his quiet 
charm and delicate sense of humour, wholly free from 
malice, endeared him He was a member of Clevedon 
Golf Club He died at Clevedon on October 13, and 
among those who valued his knowledge and friend- 
ship his death leaves a vacant place which ıt will be 
hard to fill J R PaAnTINGTON 


VoL 184 


NEWS and VIEWS 


Royal Society Award of Royal Medals 

HM ree QurEN has been graciously pleased to 
approve iecommendations made by the Council of 
the Royal Society for the award of the two Royal 
Medals for the current year as follows to Prof 
R E Peierls, professor of mathematical physics n 
the Unrversity of Birmingham, for his distmgwshed 
work on the theoretical foundations of high energy 
and nuclear physics, to Prof P B Medawar, 
Jodrell professor of zoology and comparative anatomy 
at Unnversity College, University of London, for his 
tustmguished contributions in the field of tissue 
transplantation mmunity and acquired tolerance 


Geological Society of London * Foreign Members 

Tue Geological Society of London has elected to 
foreign membership the followmg distinguished 
geologists Academician V V Belousov, of the 
Academy of Sciences, Moscow, ın recognition of his 
studies on sedimentation and geoteetonics , Prof 
J A Broggi, of Lima, Peru, for his work in the 
advancement of geological science m Peru and his 
contributions to Peruvian geology, Academician 
D V Nalivkmn, of the Academy of Sciences, Moscow, 
in recognition of his contributions to the geology of 
the Soviet Union and especially of his part m the 
preparation of the recently published geological map 
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of that country, Academician N S Schatsky, of 
the Academy of Sciences, Moscow, for his work on 
tectonics, stratigraphy and economic geology, Dr 
F Piantl, vice-president of the National Museum, 
Prague, m recognition. of his distinguished researches 
in paleomaphy, stratigraphy and paleontology , 
Prof Norman D Newell, of the American Museum 
of Natural History, New Youk, for his contributions 
to invertebiate paleontology and his work on reef 
deposition 


British Broadcasting Corporation Science Unit 


A Scmycz Unir has been established by the 
British Broadeasting Corporation with the object of 
pioviding a more extensive coverage of science m 
sound programmes The senior member of the Unit 
is Dr Archie Clow, who jomed the BBC m 1945 
and has produced many science series and mdividual 
talks, notably the two weekly series “Science Survey” 
and “Who Knows ?”, m which leadmg experts deal 
with all kinds of scientific developments m a non- 
technical way The Unit is also responsible for 
“Science Review” and Third Programme science 
talks and discussions Recently, Mr David Edge 
jomed Dr Clow m the Talks Department Both 
received them earlier education at Aberdeen, the 
former at Aberdeen Grammai School and the latter 
at Robert Gordon’s College Mr Edge did research 
work m radio astronomy for three years after takmg 
his degree m physics at Cambridge in 1955 

A third member of the Corporation staff who is 
contributing to the expansion of science broadcasts 
is Mr C L Boltz, who 1s now attached to the News 
Division as science correspondent (Nature, 183, 
1231, 1959) He formerly worked for seven years 
in a similar capacity in the BBC's European 
Service — Sueceedmg Mr Boltz m the European 
Service 1s Mr Bryan Silcock, who was born m 
laverpool ın 1933 and has since 1957 been an 
assistant editor of Nature He went to Dartington 
Hall School ın Devon, and after National Service m 
the West Yorkshuwe Regiment and the Royal Artil- 
lery, to Jesus College, Cambridge, graduatmg with 
honours in natural science 


British. Commonwealth Education. Liaison. Com- 
mittee 


Ix a written answei in the House of Commons on 
November 12, the Minister of State for Common- 
wealth Relations, Mr C J M Alport, stated that in 
accordance with the recommendations of the Common- 
wealth Education Conference, representatives of all 
member countries m the Commonwealth met m 
London on October 27 under the chairmanship of 
Sir Henry Lintott It was proposed to establish a 
Commonwealth Education Liaison Commuttee, com- 
prising one representative of each member country 
and of Nigeria, and m addition the United Kingdom 
would appomt a member to represent the other 
Colomal territories This Committee would follow up 
and record progress on the schemes of assistance 
agreed at the Oxford Conference and would also 
consider suggestions for the further improvement of 
Commonwealth co-operation in education, and, in 
particular, 16 would prepare material for submission 
to the next Commonwealth Education Conference, 
to be held in India in. the winter of 1961-62, at the 
invitation of the Government of India The char- 
man would be Si Phihp Morris, and under the 
general duection of the Lamson Committee there 
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would be a Commonwealth Education Liaison Unit, 
consisting muitially of a duector (who would also be 
secretary to the Committee) and one admunistrative 
assistant The Unit would supplement normal direct 
dealings between the countries of the Commonwealth 
on education, and would deal on request with inquiries 
from education authorities in Commonwealth coun- 
tries and generally act as a reference centre The 
cost of the Unit would be shared between member 
countries of the Commonwealth 


United States and Great Britain to exchange Data 
on Advanced Gas-cooled Reactors 


Tue United States Atomic Energy Commission 
and the United Kmgdom Atomic Energy Authority 
have signed a five-year agreement to exchange tech- 
nical mformation on advanced gas-cooled reactors 
The exchange, effective as from November 16, will 
be carried out under the terms of the agreement 
between the two countries for co-operation in the 
civil uses of atomic energy, which has been m effect 
since 1955 Data will be exchanged on development, 
design, construction and operation, as well as on 
related research and development, of the advanced 
gas-cooled reactors bemg built at Windscale, England, 
and on the US experimental reactor project of this 
type at the Oak Ridge (Tennessee) National Labor- 
atory Information exchanged under this agreement 
will be made available to British and American 
industry 


British Book Exhibition in Moscow 


A LARGE exhibition of British books and periodicals 
sponsored by the British Council and the Soviet 
Munistry of Culture is opening m Moscow on Novem- 
ber 21 for a fortmight A simular exhibition of Russian 
books and periodicals will be shown at the Festival 
Hall m London next February This will be the 
largest exhibition of British books and periodicals 
to have been shown m the USSR at any time, so 
far as ıs known Between three and four thousand 
books will be exhibited together with six hundred 
periodicals a display of posters and large photo- 
graphs The exhibition will be shown in the mam 
lecture hall of the Lenn Library, one of the largest 
lbranes in the world The books selected by the 
British Council have been provided free of charge by 
British publishers through the co-operation of the 
Publishers’ Association The mam emphasis hes on 
science and technology, although there are important 
sections dealmg with the arts and the humanities 
Under the terms of the agreement made with the 
Soviet Mmustry of Culture, there are no sections on 
religion, politics or economics T'wo-thnds of the 
periodicals are on medical and scientific subjects At 
the end of the exhibition all the British material will 
be handed over to the Soviet Ministry of Culture for 
use m Russian libraries and cultural mstrtutions 


New Zealand Research on Weed Transportation 


WEED species are sometimes madvertently mtro- 
duced into one country from another, but ıb 1s not 
always possible to establish the means by which this 
oceurs A J Healy, of the Botany Division, Depart- 
ment of Scientific and Industrial Research, Christ- 
church, has given some particular instances of 
mtroduction of foreign species mto New Zealand 
(New Zealand Journal of Agricultural Research, 2, 
No 2, April 1959) The first example is a stiaw 
envelope from a whisky bottle picked up ın a rubbish 
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heap on a North Canterbury farm The envelope 
contamed a flowermg stem of bindweed, Calystegua 
sepvum, portions of an inflorescence of tall oat grass, 
Arrhenatherum elatius, and a bent grass, Agrostis sp 
Such containers when discarded are generally thrown 
on rubbish heaps and other sites suitable for weed. 
establishment A plate-glass contamer from an 
English source, examined in the Wellington district, 
contamed wheaten straw in which was found portions 
of Californian thistle, Cursveum arvense, cleavers, 
Galum aparme, willow weed, Polygonum, fiuting 
material of Beta sp , nipplewort, Lapsana communis, 
and a hemp nettle, Galeopsis sp This straw was 
bemg used locally both for compost heaps and m 
racmg pigeon cages, which would further serve to 
disperse the weeds throughout the counüy An 
exammation of the trouser cuffs of a tourist returned 
from a trip through Spain, France, Switzerland and 
Italy revealed fiurts of Gramineae and Compositae 


University News Birmingham 


Tue title of 1eader in mathematical physics has 
been conferred on Dr J G Valatin, senior lecturer 
i mathematical physics The following appomt- 


ments have been made to lectureships Dr H B 
Griffiths (pure mathematics). Dr J K Brown 
(chemistry), Dr M E Davies (botany), Dr 


Nancy Montgomery (botany), Brenda Manly (zoo- 
logy), J Cohen (zoology), € R Sladden (biology 
m the department of zoology), Dr D J Blundell 
(geology), I R Smith (electrical ongmeermg) , 
K B Haley (engmeermg production), Dr V G 
Jenson (chemical engmeermg), K A Redish (com- 
puting in the Department of Mathematical Physics) , 
N A Dyson (physics), N A J Rogers (chemistry) 

The annual lecture of the Institute of Education 
is to be named “The Raymond Priestley Lecture” 
m recognition of the help which Sm Raymond 
Priestley gave to the Institute of Education when the 
Institute was established 

Prehmmary plans have been approved for a 
building for highway and traffic engmeermg as an 
addition to the new Civil Engineering Buildmg 


Oxford 


Tux followmg research grants aie announced 
from European Research Associates, Brussels, £1,200 
for one year from September 1, for research on 
acetylene chemistry berg carried out in the Dyson 
Penims Laboratory under the direction of Prof 
E R H Jones, from the Department of Scientific 
and Industrial Research a grant not exceeding £3,400 
for the year endmg July 31, 1960, for the mam- 
tenance of the 140 MeV synchrotron for nuclear 
physics research m the Clarendon Laboratory , from 
the Colonial Medical Research Council a grant not 
exceeding £2,500 for a furthe: two years ending 
August 31, 1961, for the study of the sensory neuro- 
histological changes in skin infected with leprosy, 
bemg carried out m the Department of Human 
Anatomy under tho direction of A G M Weddell, 
reader m human anatomy, from the Smith, Kime 
and French Research Institute a grant not exceeding 
£1,500 for research on the electrophysiology and 
pharmacology of smooth muscle to be carried out in 
the Department of Pharmacology by E Bulbrmg, 
from the United States Pubhe Health Service a grant 
not exceeding 30,600 dollars for the year begmmung 
September 1, 1959, for research ın the Department of 
Biochemistry under the dnection of Sir Hans Krebs 
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Announcements 


Pror C F Carrer, Stanley Jevons professor of 
political economy and Cobden lecturer m the 
University of Manchester, has been appomted a 
member of the Council for Scientific and Industrial 
Research, ın succession to Prof E A G Robinson, 
who retires on completion of his period of service 
Prof Carter’s interests are in the field of applied 
economies He is the author of “Industry and 
Technical Progiess" (with Prof R B Williams), 
published ın 1957, and "Investment in Innova- 
tion”, 1958, he 1s chairman of the Science and 
Industry Committee of the Royal Society of Arts, 
the British Association for the Advancement of 
Science and the Nuffield Foundation 


Tue Metallurgical Society of the American Institute 
of Minmg, Metallurgical, and Petroleum Engmeers, 
m association with Interscience Publishers, Inc , has 
announced the publication of a new series of books 
entitled “Metallurgical Society Conferences”, each 
volume bemg the proceedings of a technical con- 
ference sponsored by the Society through one of its 
technical committees It ıs hoped by these means 
to provide for co-ordinated and comparatively rapid 
publication of scientific and engmeermg papers of 
interest to metallurgists The first volume in the series, 
“Flat Rolled Products, Rolling and Treatment’, can be 
ordered from Interscience Pubhshers, Inc , 250 Fifth 
Avenue, New York 1, New York (price 3 75 dollars) 


THE Population Council Incorporated of New York 
is makmg grants totallmg 89,348 dollars ove: three 
years to the National Institute for Research m 
Darymg The award is m support of researches on 
cervical mucus, with particular reference to the con- 
trol of fertility, to be cariied out ın the Physiology 
Department under the direction of Dr S J Folley 


INDUSTRIAL AND TRADE Fams, Lro, announce 
that a conference on New Engmeermg Materials and 
Design will be held m conjunction with the first 
Engmeermg Materials and Design Exhibition at 
Earls Court, London, durmg February 22-26, 1960 
Among the subjects selected for discussion at the 
conference will be safety factors and the appearance 
m design Further mformation can be obtained 
from the Secretary for the Conference on Engmeermg 
Materials and Design, Drury House, Russell Street 
Drury Lane, London, W C 2 


AT the annual general meeting of the Photobiology 
Gioup, held at the National Physical Laboratory, 
Teddmgton, on November 6, Dr D Vinee, of the 
Department of Horticulture, University of Reading, 
was elected honorary secretary m succession to Dr 
E M F Roe 


Tue sixth National Symposium on Rehability and 
Quality Control in Electronics will be held at the 
Statler Hulton Hotel, Washmgton, DC, durmg 
January 11-13, 1960 Further information can be 
obtamed from Mr R Brewer, The Research Labora- 
tones, The General Electric Co, Ltd, Wembley, 
Middlesex 


Errata In the commumeation entitled “Effect 
of Sorbitol on the Urmary Excretion of some B 
Vitamina m Man” in Nature of September 19, p 911, 
the numerical values of the ordimates have been 
mverted, thus, reading from below upwards, the 
values fo: riboflavin should be 150, 200, 250 ugm , 
those for thiamme, 10, 20, 30 ugm , those for 
N-methylnicotinide, 2, 3 mgm 
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IHE Queen's speech at the opening of Parliament 
on October 27 referred to the Government's 
concern to improve conditions of life in the 
sloped countries of the world and its intention 
omote economic co-operation and support plans 
r financial’ and technical assistance. This was 
warmly welcomed in: both Houses in the subsequent 
jbates. Lord Stoneham asked for further informa- 
on on this matter and, emphasizing its urgency, 
stressed the need to seek international agreement to 
stabilize basic commodity prices, the fall in which in 
1958 had cost the under-developed countries «2,000 
million dollars, Only urgent and increasing financial 
and technical assistance can avert the human suffering 
implicit in the two-thirds increase forecast in the 
population of Asia in the next fifteen years. The 
Marquess of Lansdowne was unable to specify the 
exact increases but assured Lord Stoneham that the 
Government: intended to increase considerably con- 
tributions in the various fields of aid to under- 
"developed countries. Lord Home also expressed the 
| view that the foundation of peace probably lies in 
: bringing the standard of living of the under-developed 
nations nearer to that of the industrial nations. 
In replying on the debate, the Lord Chancellor 
“said that under the Colonial Development and 
Welfare Acts, £140 million would be available for 
the Colonial territories during the ‘next five years, 
with up to £100 million more by way of Exchequer 
"loans, External private investment of all kinds 
-averaged £90 million a year, two-thirds being from 
the United Kingdom, and it was estimated that the 
United Kingdom's financial eontribution to the 
Colonial territories averaged £100 million & year in 
1956-58. Economie and technical assistance to all 
overseas countries and territories from United 
Kingdom public funds rose by a third in tho past 
-< financial year to about £100 million, and is expected 
io inerease similarly this year, exclusive of military 
assistance and certain emergency and miscellaneous 
expenditure amounting to about £30 million. Subject 
to agreement on the constitution for the new Inter- 
“national Development Association, Parliament would 
be asked to put £50 million into the new Association. 
In the House of Commons, Mr. J. Harvey, referring 
_to the growing awareness of the need to give greater 
assistance to the under-developed territories, sug- 
gosted that the Government might take some initia- 
“tive in stimulating such interest so as to enlist 
“voluntary contributions in addition to Government 
funds for this purpose. Mr. W. Owen suggested the 
Co-operative movement as a possible source of 
‘experience, knowledge and enterprise in this con- 
 nexion, and Sir John Barlow advocated use of the 
‘Intemational Monetary Fund to stabilize world 
production and prices of such primary commodities 
as tin and rubber. Mr. H. A. Price, pointing out that 
we are already devoting more than 1 per cent of our 
national expenditure to the under-developed coun- 
tries, thought that we could do much more and that 
these territories offer great potentialities for the 
production of inereased wealth. The President of 
the Board of Trade, Mr. R. Maudling, referred to our 
need to increase our balance of payments position if 
we are to play our full part in helping the develop- 
ment of these countries, and Mr. J. Arbuthnot sug- 
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gested that reduced taxation in these countries would 
greatly assist in the creation of the conditions for 
development. 

Mr. Anthony Head emphasized the vital importance 
of giving adequate attention to the backward, de- 
pendent and under-developed countries during the 
next five or ten years. He directed attention more 
particularly to the educational problem, and urged — 
that here the West needs to overhaul its whole 
approach, and that co-ordinated effort is imperative. 
In this he was supported by Mr. K. Zilliacus, who 
pointed out that economie co-operation and the 
provision of financial, 
assistance to backward countries internationally 
through the United Nations represent the support 
of constructive and modernizing forces. Sir Hem 
d’Avigdor-Goldsmid and Mr. J. Grimond spoke 
strongly in the same sense, Mr. Grimond. referring 
also to the importance both of the type of govern- 


ment which is established in the newly independent 


territories and of education, including technical 
education. 


Although our contribution to United Nations Tech- 
nical Assistance has risen from 2-5 to 3-0 million 


dollars, the Commonwealth has every year received | 


far more from Technical Assistance than it has paid 
in, and against the increase in our contribution to 
the United Nations Special Fund from 1 to 5 million 
dollars should be set the schemes, costing 15 million 
dollars, for work in the Commonwealth already sub- 
mitted by the Colonial Office to Mr. P. Hoffman. 
Moreover, the £1,000 million loan to the under- 
developed countries by the International Bank during 
the first twelve years of its existence was less than 
one-tenth of the extra capital required during the 
following ten years to achieve Mr. Hoffman's 
objectives. 

Replying on the debate, the Minister of State for 
Foreign Affairs, Mr. J. Profumo, recognized the 
importance of the struggle for men’s. minds and the 
part which the Chancellor of the Duchy of Lancaster 
has to play in that connexion. He also took up the 
point about education, which had been stressed 
separately in the Queen’s speech in a reference to 
the introduction of legislation to implement recom- 
mendations of the Commonwealth Education Con- 
ference, which had been warmly welcomed by Mr. 
E. Gardner and, in the House of Lords, by Lord 
Hastings. Lord Home, noting that the presence of 
42,000 overseas students in Great Britain put a 
considerable strain on our universities and technical 
colleges, welcomed Lord Hastings’s reference to the 
importance of education; nevertheless he thought 
that the task of equipping youth to meet the intellec- 
tual, physical and moral challenge of the time will 
Strain our resources to the full. Apart from a reference 
by Mr. P. Wall on November 2 to the way in which the 
under-developed countries in Asia, Africa and the 
Middle East are beginning to realize the importance 
of European capital and European technicians, there 
was no further reference to the under-developed 
countries in the debate on the Address, although . 
others besides Mr. Wall stressed the importance of 
education when the position in Central Africa was 
discussed at some length on November 2. * 





economie and technical. 


Mr. Philip Noel-Baker was somewhat. U UT 
critical of the magnitude of our present contribution: == 
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NEW RESEARCH LABORATORIES FOR THE CAMBRIDGE 
INSTRUMENT COMPANY, LTD. 


By Dr. M. C. MARSH 


Head of Research Department 


N October 14 a new block of research laboratories 
for the Cambridge Instrument Company, Ltd., 
was opened by Lord Adrian, Master of Trinity College 
and until recently Vice-Chancellor of the University 
of Cambridge. Following the opening, about 120 
distinguished guests were entertained to lunch by the 
Directors of the Company, and they afterwards had 
an opportunity to inspect the new accommodation. 
On October 16 an open day was arranged for share- 
holders and for guests from the University and from 
several research establishments in the neighbourhood 
of Cambridge. About four hundred guests availed 
themselves of this opportunity. On both occasions 
the guests were received by Dr. P. Dunsheath, 
chairman of the Board of Directors, and Mr. H. C. 
Pritehard, managing director of the Company. 

This new building is the result of a decision to 
expand greatly the research and development facilities 
of the Company. It provides about three times the 
previous floor area and permits the whole of these 
activities, which before this were dispersed in various 
parts of the works, to be brought under one roof, 
together with a design and drawing office. 

The new laboratories are situated in Chesterton 
Road, adjacent to the Cambridge factory. They 
have a very fine view over the River Cam and over 
Jesus Green and provide accommodation suited to 
the work to be undertaken. As will be seen from 
Fig. 1, the clean, modern appearance of the building 
is emphasized by large windows that run the length 
of the first three floors and also by the colour con- 
trast afforded by the light buff brickwork of the side 
walls and the dark green of the slate panels beneath 
the front windows. The building, which has a floor 
area of approximately 20,000 &q. ft., 
has four storeys and is provided 
with a three-storied entrance block 
and a rear link block giving access 
to the factory buildings. The mode 
of construction gives à clear area 
on each floor entirely uninterrupted 
by columns or beams, and extensive 
use has been made of modern build- 
ing materials and fittings, such as 
red thermoplastie flooring, heating 
coils embedded in the structure, 
double-glazed windows and acoustic 
panels. 

The entrance block is distin- 
guished by a spacious entrance hall, 
which is decorated in contemporary 
style and contains an instrument 
showroom and a reception area. 
The block also houses offices and a 
lift serving all floors. 

'The laboratory block consists of 
four floors approximately 100 ft. 
long and 40 ft. wide. On the 
ground floor is the mechanical 
engineering laboratory with its 


offices, stores and eonstant-temperature room. Instru- 
ment makers' benches and experimental benches 
are arranged mainly beneath the front windows, 
and the remaining floor space is taken up by 
precision machine tools and mechanical laboratory 
equipment. The first floor is devoted to physics and 
electronics. It has a large and airy main laboratory, 
offices, dark room and optical laboratory, standards 
room and electronics workshop. The second floor 
houses the physical chemical laboratory which, in 
addition to offices, has special rooms for balances, 
glass-blowing and for chemical preparations. Poly- 
thene and ‘Vulcathene’ fittings are used in a special 
system for draining chemical waste from this floor. 
The top floor is taken up by design and drawing offices. 
Excellent lighting is provided by a number of roof- 
lights in addition to windows running the entire 
length of both walls. Along the front of this floor 
is a covered balcony, edged with flower-boxes. 

In designing the laboratories, great stress has been 
laid on versatility. With this in view all the services 
are laid in trunks of ample size, and it would be an 
easy matter to add any facilities not originally pro- 
vided. Besides the usual supplies of gas, water and 
electricity, there is a special low-voltage electrical 
supply for portable apparatus. At 18 places there 
are boards containing four terminals and an appro- 
priate switch. From a central control board it is 
possible to feed to these terminals a three-phase and 
neutral supply of any required voltage, single-phase 
a.c. of any voltage up to 250 volts at frequencies 
between 25 and 60 c./s., a.c. stabilized against changes 
of voltage and frequency and d.c. between 0 and 
250 volts. These supplies are obtained from trans- 





Fig. 1. PResearch*Laboratories of the Cambridge Instrument Company, Ltd. 
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formers, stabilizer and a Ward Leonard set with a 
connected motor alternator The last two are situated 
m. 8 cellar but are controlled from two points in the 
laboratories On the third floor a large glass de-&erator 
of special design has been fitted ın order to supply 
oxygen-free water for researches on boiler feed- 
water problems Compressed air of high and low 
pressure 1s suppled to all laboratories, with an 
extra high-pressure supply m the mechanical 
laboratory 

The building was completed m the remarkably 
short time of yust under one year by Messrs J Jarvis 
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and Sons, Lid (London and Manchester), to the 
design of the architects, Messrs Edward D Mills 
and Partners Light oak furniture with teak tops 
has been supplied to all the laboratories by Messis 
Baird and Tatlock (London), Ltd 

These laboratories are now fully occupied and, 
with an expandmg staff, a large programme of 
research and development work 1s being undertaken 
This programme relates to mprovements to instru- 
ments which are already bemg manufactured, as well 
as to a number of entirely new projects m which 
the Company is mterested. 


CARBON-DATING CONFERENCE AT GRONINGEN 
SEPTEMBER 14-19, 1959 


N the invitation of Piof Hl de Vries (Natuur- 
kundig Laboratorium) and Prof H T Water- 
bolk (Archaologische-Biologisches Instituut), of the 
University of Groningen, a small conference of 
scientists from carbon-dating laboratories was held 
in Groningen durmg the week September 14-19 Tt 
was similar ın character to the conferences held in 
Copenhagen, Cambridge and Andover, Mass , already 
reported m Nature? and Scrence? Twenty-two 
dating laboratories were represented, some well 
established and others just getting mto ther stride, 
from twelve countries We were happy for the first 
time to welcome Russian colleagues at these meetings 
Some thirty-five communications were made to the 
meeting, which was partly concerned with the 
technique of carbon-datmg and partly with selected 
aspects of 1ts appheation to geological and archxo- 
logical problems 
There was less emphasis than hitherto upon the 
techniques of counter and circurt design, but none- 
theless there was a very interesting survey of the 
methods ın use at various laboratories Two lab. 
oratories described their scmtillation countmg tech- 
mques, that at Saclay, using paraldehyde, and that 
at Irmuty College, Dublin, using methanol While a 
few laboratories use acetylene or methane m their 
proportional gas-counters, 1t seems that the majority 
of datmg laboratories now favour carbon dioxide 
eountmg Considerable emphasis was laid on the 
need for careful pre-treatment of samples, especially 
with difficult matenals such as bone, charcoal, cave- 
earths and all samples of great age Accounts were 
given. of several promising investigations mto matters 
affecting the principles of the method and its apphea- 
tions, as, for example, those at Heidelberg illustrating 
possible seasonal variations of radiocarbon content 
of the atmosphere Particular mterest was attracted 
by an account of the joint mvestigations of Cambridge, 
Copenhagen and Heidelberg upon possible fluctua- 
tions in the initial atmospheric carbon-14 con- 
centration durmg the past 1,200 years, this is a 
promismg extension of ideas recently suggested by 
de Vries? as possibly offermg insight mto past 
climatic changes 
Without attemptmg to summarize all the mterest- 
mg contributions, ib may suffice to point io two or 
three fields m which the application of carbon-datmg 
has now apparently led to a lughly significant 
advance m knowledge First, we may note a series of 
datings made at Gronmgen of the earliest Neolithic 


cultures from south-eastern and central Europe, 
indicating a spread from the Near East across these 
regions as early as 4000 pc , these findings were 
paralleled to some extent by numerous dat:mgs made 
m Pisa upon Italan material 

Several contributions concerned the dating of 
stages of the last glaciation characterized by strati- 
graphy, archeology or biological and climatic evi- 
dence Here the contribution of Gronmgen was 
particularly mmportant, smece the technique of 1sotopic 
enrichment had permutted the addition of several 
half-lives to the maximum possible age attamables 
With favourable materials that warrant this costly 
and lengthy process, ages as great as 64,000 + 1,100 
years are attamable This m fact appears to be the 
date of the first mild mterstadial period after the last 
(Eemian) interglacial There 1s considerable evidence 
now for an mterstadial about 30,000 years ago at 
several places in western Europe From the American 
laboratories comes very convinemg evidence obtamed 
by datmg ocean cores, and deposits both m the 
Caribbean and in salt lakes, for a very abrupt 
amehoration of climate about 11,000 years ago It 1s 
striking that this chmatic break corresponds exactly 
with the well-dated Late-Glacial period of climatic 
change m Europe 

A substantial part of the time of the meeting was 
properly devoted to various matters of co-ordmation 
of the work of different laboratories The successful 
outcome was reported of two policy decisions taken. 
at earher conferences, namely, to establish an agreed 
system of publication of date-hsts and to publish a 
punch-card system of all published dates The first 
of these objectrves has been met by the pubheation 
of the Radiocarbon Supplement of the Amerwan 
Journal of Scwnce, the first volume of which appeared 
in May of this year The second was met by the forma- 
tion of Radiocarbon Dates Association, Inc Mr Fred 
Johnson gave a description of the prinerples he had 
adopted m designmg the punch-card system and 
reported the first issue of cards to subscribers It 15 
not yet sufficiently widely known by archeological, 
geological and biological laboratories concerned with 
the history of the past 70,000 years how massive is 
the contribution already made by carbon-datmg to 
knowledge of this period, nor what a very rich source 
of information this punch-card system will provide. 
(Inquiries for subscriptions to the carbon-dating 
punch-eard index should be directed to Radiocarbon 
Dates Association, Ine , Robert S Peabody Founda- 
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tion for Archeology, Philips Academy, Andover, 
Massachusetts, U S.A ) 

With regard to future procedure, rt was decided 
that all carbon-dating laboratories should check by 
& common standard and that this should be the oxalic 
acid standard of the US Bureau of Standards It 
was agreed that a value of 95 per cent of this standard 
activity could be taken as the agreed radiocarbon 
activity for organic material (but not shells) origmat- 
mg im AD 1950 This decision should remove many 
of the mmor difficulties caused by the different 
laboratories havmg individual standards of contem- 
porary activity on which to base thew calculations 
of age, and ıt is hoped that either the next or the 
next but one date-hst of every laboratory will be 
based upon this agreed standard, which will take 
care of the mdustrial carbon and hydrogen-bomb 
effects upon recent samples. It was at the same time 
reeognized that the carbonate sample provided by 
Heidelberg would be a further check of importance , 
that laboratory has undertaken the co-ordination of 
all mter-laboratory calibration measurements 

It was agreed to defer decision on & carbon-13 
standard, pending exact absolute determinations to 
be made m the Lamont Laboratories 

It was agreed to use the methods of presentation 
of bibhography now employed m the Radiocarbon 
Supplement and in Quaternaria the conference also 
recommended that new datmg stations should adopt 


ENZYMES IN THE 


HE Committee of the Food Group of the Society 

of Chemical Industry has an established reputa- 
tion for orgamzmg symposia on subjects of vital 
importance and with a wide range of interest to food 
scientists and technologists The most recent, held 
on October 1-2, dealing with enzymes associated with 
the manufacture, storage and distribution of food, 
attracted an audience which taxed the capacity of 
the hall of the Royal Society of Medicme in which 
1t was held The organizers very wisely decided to 
lmit the scope of the contributions and to divide 
them roughly mto two groups one dealing with 
the production of enzymes and ther use m manu- 
factured foods and the other with the activity, both 
useful and deleterious, of naturally occurring enzymes 
m foods. 

Dr Maleolm Dixon opened the symposium with a 
paper, giving m his own characteristic way the 
necessary background mformation on the types of 
reactions which may be catalysed by enzymes, and 
such of thew properties as would have a bearmg on 
the matters discussed by later speakers The value 
of such an mtroduction to a symposium covering a 
broad field of biochemistry cannot be too lughly 
stressed when it 18 appreciated that the audience was 
composed maimly of persons connected with the food 
manufacturmg and processmg industries, specialists 
maybe im rather hmited fields, who frequently find 
it hard to keep abreast of fundamental developments 

The remaimder of the first day was given over to 
papers dealing with fungal amylase, mvertase, rennin, 
glucose-oxidase, the pectm-degradmg enzymes and 
proteinases from plants and mucro-orgamsms The 
maim interest in fungal amylase and invertase was 
m the methods adopted to secure conditions of 
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as them index letters the most distinct and simple 
combination possible, avoiding those that have 
already been used even by stations not at present 
produemg dates 

While there was no agreement as to whether dates 
ought preferably to be expressed as B P (before the 
present), or Bo (and AD), there was considerable 
sympathy for the view that dates primarily relevant 
to archeology should be given m the Bc /AD scale, 
even where the date B P had also been given 

Members of the conference had the concentration 
of lecture room attendance broken by visits to Prof 
de Vries’s laboratory, to the great peat bog and 
moraine region south of Gronmgen and to the 
dramatic areas of reclamation where carbon-dating 18 
assisting the Geological Survey to provide funda- 
mental knowledge of -the stratigraphy of coastal 
deposits 

The thanks of all participants are due to all our 
Dutch hosts, to the Rektor Magnificus of the Univer- 
sity of Groningen, to the Royal Dutch Shell Company, 
to the Chief Engmeer and Director of the Rijks 
Waterstaat, and above all to the primary organizers 
of the conference H Gopwiw 
!Godwin, H , Nature, 174, 868 (1954) 
*Levi,H , Nature, 178, 727 (1955) 
3 Johnson, F , Arnold, J R.,and Flint, R F , Scvence, 125, 240 (1957) 
£ Mir de, Proc Kon Ned Akad van Wetenschappen, B, 61 (2), 1 
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‘Vries, Hl de, Vries, A E de, and Harris, A , Sevnce, 128, 472 (1058). 
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culture of the selected organism so that high yields 
of high-purity enzyme are possible on a commercial 
scale The discussion on the papers not unexpectedly 
centred around the newer applications of enzymes 
by the food industry and in particular the use of 
amylase m bread-makmg, the application of such 
protemases as papam, bromelin (from pineapple) and 
fian (from figs) to meat with the view of increasing 
its tenderness, and the recent availability of glucose 
oxidase as an oxygen scavenger m packaged foods 

The proceedings of the first day havmg presented 
the enzymes ın a favourable light, as processing aids 
ma variety of food products, the second day, devoted 
to “Innate Enzymes Their Action and Control”, 
revealed the reverse side of the medal and showed 
enzymes in 8 less co-operative mood This was not 
unexpected . Dr Dixon, m his introductory remarks, 
had already pointed out that foods are the product 
of enzyme action in the living plant or animal and 
are metabohzed after consumption by enzyme action 
in the body of the consumer, stressing the fact that 
m the hving cell the urge of the enzyme processes 
i8 towards synthesis and that enzyme changes in 
foods, which oan be regarded as post-mortem changes, 
may well be deteriorative ın character It 1s, however, 
sometimes difficult to draw the lme, the enzymic 
ripening of fruit leads progressively mto the deteriora- 
tive changes of over-ripening Other cases are more 
specific papers presented durmg the day dealt with 
enzymic deterioration m colour (blackening of 
potatoes by polyphenolase), in flavour (‘soapiness’ 
i» coconut and palm kernel od products due to 
liberation of free fatty acids by pase action) and m 
nutritive value (oxidation of ascorbic acid and of 
vitamin A precursors m plant tissues) 
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The problem of control 1s a formidable one ‘Cold 
storage merely delays but does not prevent enzymic 
deterioration, since enzyme reactions, like all other 
chemical reactions, aro slowed but not stopped by 
lowermg of temperature Other standard methods, 
such as the addition of mhibitors or competitive sub- 
strates, are by no means universally applicable 
Probably the most commonly used procedure 1s that 
of heat mactivation (‘blanching’), but this can lead 
to unwanted structural changes m fruts and vege- 
tables At present there is no simple and universal 
solution 

Tt must be said that on one point the arrangement 
of the symposium was open to critical attack, namely, 
the lack of time available for free discussion It 18 
in this discussion that the value of a symposium such 
as this largely resides, both for the audience and for 
the contributors themselves Arrangements had been 
made for the discussions to be opened by appropriate 
authorities and these authorities presented what 
virtually amounted to additional contributions, com- 
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parable ın weight and importance to those of the 
main contributors On this account, the unscripted 
discussion was seriously restricted, particularly at 
the final session, and a number of potential questions 
had to remam unasked and unanswered This was 
undoubtedly a loss and one can but ask that the 
pomt should be borne m mind when future symposia 
are bemg planned 

It 1, however, pleasant to record that the sym- 
posium went with a swing to the end and was closed 
by the clock there was no noticeable whittlng away 
of the audience as special interests were disposed of 
In its hghter moments the meeting considered future 
possibilities , these included ‘tailored’ enzymes for 
specified purposes and the application of enzymes 
to the restoration of flavour in. over-cooked cabbage 
It was also pomted out that one speaker had comed 
a new word—the verb “to enzyme" The purists 
may refuse to accept this innovation, but we 
must all accept the importance of the process ib 
describes 


IN INDIA 


GOLDEN JUBILEE SYMPOSIUM 


SERIES of symposia was organized by the 

Department of Biochemistry, Fermentation and 
Pharmacology Laboratories of the Indian Institute of 
Science, as part of the celebrations of the golden 
jubilee of the Institute, durmg August 28-30, and 
was attended by more than two hundred scientists 
including fifty delegates representmg  1mportant 
centres of biochemical research m the country The 
subjects covered were “Biology and Biochemistry of 
Micro-organisms”’, “Enzymes” and “Vitamins” 

The symposia were inaugurated by Dr S Bhaga- 
vantam, the director of the Indian Institute of 
Science, and the first day of the session was presided 
over by Major-General S L Bhatia, who spoke on 
the “Progress of Physiology and Biochemistry m 
India” Prof P S Sarma, who presided over the 
proceedings of the second day, outlined the contribu- 
tions m enzyme chemustry made by the late Prof 
K. V Gui (see Nature, 182, 1201, 1958) Dr V N 
Patwardhan, who took the char on the third and 
final day of the symposium, gave an address on the 
mode of action of vitamm D on which he and his 
group have been workmg for the past two decades 
He and his collaborators have adduced experimental 
evidence to show that vitamin D acts presumably 
by promoting the synthesis of ertric acid m the 
epiphyseal cartilage Dr. V Subrahmanyan, director 
of the Central Food Technological Research Institute, 
Mysore, who was professor of biochemistry in the 
Indian Institute of Science from 1931 unti 1949, 
reviewed the work done m the department during 
his regime He gave a brief account of the develop- 
ment of the Bangalore process of composting, the 
elucidation of the principles of sewage purification, 
the preparation of a material from paddy husk for 
defluormatmg fluomde-contammg waters and the 
preparation of msuln and other hormones from 
slaughter-house material and vegetable ‘milk’ from 
soya bean Prof M Sreenivasaya, who was one of 
the pioneers m enzyme chemistry durmg the early 
years of the Biochemustry Department, described. 
the elegant method developed by hun for the study 


of enzymes both by the ultra-micro- as well as by 
mucro-dilatometric methods 

Sixty-nine origmal research papers were presented 
at the symposia, and only a selection can be mentioned 
here 

M G Bhat, of the Indian Institute of Science, read 
a paper on the nutrition and metabohsm of Pseudo- 
monas convexa var hwppuricum representing the work 
done by her in collaboration with Drs T Rama- 
krishnan and J V Bhat Detailed investigations 
with regard to the nutritional requirements and 
metabohe pathways of this organism, which was 
isolated from soil usmg the enrichment culture tech- 
nique, were outlined and a new pathway of benzoate 
breakdown by the bacteria mvolving salicylate, a 
mechanism different from the classical scheme of the 
metabolsm of the aromatic rng, described M. K 
Subramanyam (Indian Institute of Science) gave a 
résumé of his studies on the cytology of yeast, which 
meluded the demonstration of the presence of a 
nucleus and a vacuole as well as the occurrence of 
nuclear and vacuolar membranes in the yeast cell 
He also pointed out the general similarity of the 
structures of yeast and plant nuclei 

M Chakravorty and D P Burma, of the Bose 
Institute, Calcutta, presented a paper on “Microbial 
Synthesis of Protein m Relation to the Biogenesis of 
Nucleic Acids” Usmg phosphorus-32 and sulphur-35, 
they have shown that, in the resting cell of Azotobacter 
vinelandar, conditions under which nucleic acid 
synthesis 1s mbhibited lead to a decrease in protem 
synthesis On the contrary, ib was found that the 
incorporation of phosphorus-32 into the nucleic acid 
continued m an unmterrupted manner even when 
protem synthesis was mhibited P S Sarma and 
co-workers, of the University Biochemical Labora- 
tory, Madras, workmg on metal requirements 
of meotmamide deammases, have investigated the 
mbubirtion by metal-chelating agents of nicotmamude- 
deamidatmg systems in cell-free extracts of mucro- 
organisms and the soluble fractions of pigeon liver 
A study of the reversal of the mhibition, produced 
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by a-a^-dipyridyl with various metal ions, has shown 
that the enzyme systems m the msect Corcyra 
cephalonica St, pigeon liver and chick kidneys are 
reactivated by Fett, that m A mger by Mgt+ and 
the one m N crassa by Mn++, 

The detection and purification of a stereo-speerfic 
dihydrolipoie acid dehydrogenase formed the subject- 
matter of an mteresting paper by D K Basu and 
D P Burma, of the Bose Institute, Calcutta The 
enzyme, which was purified 60—70-fold, was found 
to be diphosphopyridine nucleotide-lmked and specifie 
for dihydrolipoie acid and its amide The reaction 
was irreversible when tested with hpoic acid as the 
substrate I S Bhatia and co-workers, of the Tocklaz 
Experimental Station, Cmnemara, Assam, gave an 
account of ther work on the transglycosidase present 
in tea leaves This enzyme reacted with maltose 
with the formation of maltotriose, maltotetrose and 
glucose With arabmose as the acceptor of glucosyl 
1esidues and maltose as the donor, a disacchande 
eontamung glucose and arabmose was formed 

The purification and properties of glutamic— 
oxalacetic transaminase from ox bram and from 
human bram were described by T N Pattabhirraman 
and B K Bachhawat, of the Christian Medical College, 
Vellore A 30-40-fold purification of the enzyme 
was achieved by fractionating the mutial extract with 
alcohol, Zn++ and ammonium sulphate The purified 
ox-bram transammase showed complete dependence 
on pyridoxal phosphate for us activity 

A new type of enzymatic transammation reaction 
m which glyoxylate transammates with a number of 
amino-acids to produce glycme was reported by 
L V S Sastry and T Ramakrishnan (Indian Institute 
of Science) Isonicotmie acid hydrazide and L- 
pencillamme at low concentrations inhibited the 
enzyme but the mhibition was reversed by pyridoxal 
phosphate or metal The authors adduced unequi- 
vocal evidence to show that the transamunase was a 
metallo-enzyme The purrfication and properties of a 
naturally occurring mhibitor of glutamine synthesis 
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present m Pongama galls was described by N K 
Sukanya and © S Vaidyanathan (Indian Institute 
of Science) , they also showed the preponderance of 
this mhibitor m the gall tissue, as compared to 
normal tissue 

N Appa Rao, H R Cama and S8 A Kumar 
(Indian Institute of Science) gave details of some of 
they recent work on the occurrence of flavi nucleo- 
tides m plants and the changes in their concentration 
with germunation of gieen gram (Phaseolus radiatus) 
and cow pea (Vigna catang) The radicle of 
the germinating seedlings contamed almost all the 
flavin adenine dinucleotide and the major portion 
of the total flavm, while the cotyledons and the 
plumules contamed flavm mononucleotide as the 
major flavm Some interestmg examples of species 
Speeifierby in the mechanism of pyridme nucleotide 
synthesis by erythrocytes were reported by P G 
Tulpule, of the Nutrition Research Laboratories, 
Hyderabad Of the seven species studied by them 
only human and guinea pig erythrocytes were capable 
of synthesizmg diphosphopyridine nucleotide from 
nicotinamide and glucose Human as well as monkey 
erythrocytes could also synthesize appreciable 
amounts of dzrphosphopyridme nucleotide from 
nicotinie acid and glucose in the presence of glut- 
amine, whereas this metabolic pathway did not seem 
to operate m the gumea pig Red blood cells of the 
monkey were able to synthesize diphosphopyridine 
nucleotide only in the presence of glutamine, suggest- 
ing that nicotinamide was converted to nicotime acid 
prior to mcorporation m diphosphopyridine nucleotide 

Four special lectures were given m the evenmgs 
on each day of the symposium Dr D. P Burma, 
of the Bose Institute, Calcutta, on '"Pentose Phos- 
phate Metabolism”, Dr B K Bachhawat (Christian 
Medical College) on ‘“Purrfication of Enzymes”, 
Dr P M Bhargava (Regional Research Laboratories, 
Hyderabad) on “Protem Synthesis” and Dr T 
Ramasarma (Indian Institute of Science) on 
“Coenzyme Q” P S Sarma 
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NATIONAL VEGETABLE RESEARCH STATION 
NEW LABORATORY BUILDING 


FIR new laboratory buildmg of the National 
Vegetable Research Station, was officially opened 
on October 23 by HRH The Duke of Edinburgh 

The decision to estabhsh the Station was taken 
after the Second World War because of a continumg 
need to encourage vegetable production in Great 
Britam, and the Agricultural Research Council 18 
now responsible for government grant-aid to finance 
the Station and for the general supervision of its 
scientific programme 

The new bwilding marks the culmmation of ten 
years development from the time when the director, 
Dr J Philp, took over 280 acres of land at Welles- 
bourne, near Warwick, m September 1949 Initially 
the site had no electricity, roads or suitable water 
supphes, and the only buildings were three small 
cottages and a few farm buidmgs Buildmg restrie- 
tions in the early years severely hampered develop- 
ment and the research staff had to be housed 
temporarily m old service huts, while Dutch hght 
structures served as temporary glasshouses 


The new laboratory bulding was designed by Mr 
F W Holder, chef architect of the Ministry of 
Agriculture, Fisheries and Food, and has a total floor 
area of 33,800 sq ft Besides laboratories and offices 
it contains a library, lecture room and committee 
room, and the basement has space for the future 
provision of controlled-environment chambers The 
construction uses pre-cast concrete frame and floors 
with external curtam-wallng of msulated plastic 
and some brickwork, the roof bemg of copper The 
Station also has about a half-acre of glasshouses used 
for pot-experunents m research projects, a packing 
shed, rmplement shed, farm stores and buildings for 
livestock 170 acres are served by underground 
urigation mams with a borehole for the water 
source 

The site at Wellesbourne 18 central for the country 
as a whole and the sol and climate are suitable for 
vegetable production, bemg similar to those m the 
nearby Vale of Evesham, an ımportant horticultural 
area The area of 280 acres, to which 95 acres have 
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recently been added, allows a farm unit to be run in 
conjunction with the experimental vegetable crops 
and is large enough to provide the isolation necessary 
for some of the research work. In addition, there is & 
sub-station at Paglesham, Essex, with an area of 
150 acres, which is chiefly used for the multiplication 
of seed stocks. 

All vegetable crops grown in the open and in cold 
frames, except potatoes, come within the purview 
of the Station, and its work is organized under eight 
sections: plant breeding ; chemistry ; physiology ; 
irrigation ; entomology ; pathology ; weed control ; 
statistics. 

Long-term experiments with a rotation of vegetable 
crops are now in their sixth year. The treatments 

ise organic and inorganic fertilizers, time and 

of application of nitrogen, and methods 

of soil cultivation. Growth studies are being made 

on some of the crops in these experiments to obtain 

information on the stages of growth most affected 

by fertilizers ; the weed populations and soil-moisture 

characteristics of the soils under different cultivation 

methods are also being investigated. Dung has been 

shown to exert a marked influence on growth during 
the very small seedling stage. 

Plant-breeding is carried on at a practical level 
with the production of improved varieties of vege- 
tables, and at a more fundamental level with the 
application and development in vegetable crops of 
breeding methods as such. The method of inbreeding 
to attain uniformity followed by crossing to restore 
vigour, used so successfully in maize, has been applied 
to brussels sprouts, and hybrids with yields 40 per 
cent above the parent strains have been produced. 
The backcross technique is being used for the intro- 
duction of winter hardiness into an otherwise satis- 
factory quick-freeze variety of pea. In the dicecious 
species, asparagus, where the male plant is com- 
mercially desirable and usually heterogametic, isola- 
tion of homogametic male plants has produced 
strains giving all-male progeny on crossing. 

Entomological research is mainly concentrated on 
the carrot fly, the cabbage-root fly and the lettuce- 
root aphid. Ecological work on the effect of insecti- 
cides on the balance between the cabbage-root fly and 
its predators has shown that the balance can be tipped 
in favour of the pest by indiscriminate broadcast 
application of insecticides. The use of insecticides 
against carrot fly raises problems of off-flavours in 
the crop and of the possible build-up of insecticides 
in the soil. Extensive testing tests have been carried 
out at the Station with carrots to assess the effect 
of insecticides on their flavour. A technique which 
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has been developed for the assay of insecticide 
residues in the soil enables concentrations of dieldrin 
as low as 0-05 p.p.m. of soil to be measured. 

The diseases of vegetable crops are as diverse as 
the crops themselves. ‘The silvering disease of red 
beet, which is bacterial, has been successfully con- 
trolled with streptomycin. Fungal diseases include 
the long-known club root of brassicas and the 
relatively new crook-root disease of watercress ; new 
fungicidal techniques give hope of controlling both 
these, while the prevention of virus diseases in water- 
eress and lettuce is being sought through the pro- 
duction of clean stocks. The development of resistant 
varieties by selection and breeding techniques is 
being tried for parsnip canker and Didymella stem 
rot of tomatoes. 

Work on the irrigation of vegetables has been 
primarily concerned with the most efficient use of 
water.  Moisture-sensitive periods during growth 
have been found to exist with some vegetable crops, 
and at these periods irrigation has its maximum 
effect, while at others it does not produce an economic 
response. Work has been started on the relationship 
between water and nutrient uptake in the root 
system and on the use of additives to irrigation 
water. 

The newer residual herbicides are being tested for 
suitability on a wide range of vegetable crops, and 
work has recently started on the nature and extent 
of the damage to vegetable crops caused by the drift 
of spray from herbicides used on neighbouring agri- 
cultural crops. The effects of weeds are also being 
studied in two other aspects: the unevenness of 
weed distribution has been shown to be partly 
responsible for field-plot variation in the yields of 
experimental crops, and the reduction in crop yields 
caused by weeds has been found to be affected by 
the spatial arrangement of the crop plants. Suitable 
mathematical models to describe the growth of some 
crop plants are being sought, with the view of improv- 
ing the interpretation of treatment-year interactions 
in long-term experiments. 

On the practical side, the Station maintains close 
links with the National Agricultural Advisory Service, 
and is fortunate in being able to make use of the 
experimental horticulture stations of this body for 
the further testing of experimental findings under a 
wider range of conditions. On the academic side, an 
arrangement with the University of Birmingham 
enables postgraduate work carried out at the Station 
to be recognized for the purpose of obtaining 
internal higher degrees of the University. 

J. A. NELDER * 
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N the past, grassland has received much less than 
its due share of attention from the scientist, but 
‘gore of the extensive work on this subject now being 
‘done in Great Britain is summarized in the recently 
"published annual report for 1957—58 of the Grassland 
_ Research Institute (Experiments in Progress, 
(UNO. 11. Pp. 108. Hurley, near Maidenhead : Grass- 

| Jand Research Institute, 1959. 7s. 6d.) Many 
aspects’ of the composition, treatment and use of 
grassland swards are investigated by the nine depart- 
ments. The Department of Herbage Agronomy is 
concerned with management, yield and quality of 
herbage at all seasons of the year, and the emphasis 





hag shifted from comparison of species and varieties 
< to establishment and management of the sward. 


Continuation of the study of the relationship between 
"white clover and top-dressings of nitrogenous fertil- 
izer has shown that the effect of white clover on 
gross yield of herbage was equivalent to approx- 
imately 9 cwt. per acre of æ nitrogenous fertilizer 
annually on a no-clover sward. The results of 
experiments with gibberellic acid showed that 
response to nitrogenous fertilizer at 4 cwt. per acre 
was greater than response to 2 oz. per acre gibberellic 
acid. Nitrogen plus gibberellic acid produced an 
additive effect at first, but in the presence of nitrogen 
there was & significant depression in yield as a result 
of gibberellie acid treatment ; depression was greatest 
where the initial response to gibberellie acid was 
marked. 

In the Section of Animal Agronomy, grassland 
production is measured in terms of the animal. 
Better live-weight performance per animal was 
obtained when ecocksfoot was grown with lucerne 
than when lucerne was grown alone. A comparison 
of two methods of sowing and managing lucerne and 
cocksfoot indicates that it is possible to extend the 
grazing season by about four weeks in the auturan 
by use of nitrogenous fertilizers. The live-weight 
gain per acre of ewe lambs carried throughout the 


NATURE — 


| : October 3L 1959 Vou. 184 


THE GRASSLAND RESEARCH INSTITUTE 


year at a stocking rate of 6-1 per acre was, on D 
average, 65 lb. higher on swards containing white 


clover, although the grass swards received nitrogen 
to compensate. The comparative influence of leys, 


variously managed, on the yield of subsequent cereal: 
and kale crops has been investigated by the Depart- 
ment of Ley Agronomy. It is demonstrated that ^ 
management, of ley swards has an appreciable effect. 
on yield of the following crops. This is accounted for: 

largely by the nitrogen status of the soil. The study 
of the intake and digestibility of herbage is one of 
the main concerns of the Department of Biochemistry. 
and Animal Nutrition. This. involves both feeding 
experiments. and biochemical studies of herbage 
plants. The former have shown that certain of 
the major grasses are more digestible than others 





and the latter that the older methods of fraction- 


ation are too arbitrary; modern techniques are p. 
likely to give a more reliable assessment of digests- 
ibility. Av 

The work of the Department of Plant Physiology - 
is linked with that of Herbage Agronomy in labor- 


atory and field. The detailed growth studies are E 
likely to provide valuable guidance on grazing i 


practice. Experiments in microbiology are connected 


to soil and herbage studies in other departments, 


with emphasis on the examination of the processes 
of decomposition which take place when the ley is 
ploughed. A small experiment on sterilization of | 
grass by radiation suggests that it may be possible 


to preserve grass for several months without undue. . 


changes in palatability. Extra-mural experiments 
provide supplementary evidence over a wide variety : 
of environmental conditions. Such experiments are 
usually done in collaboration with the- National 
Agricultural Advisory Service. The Department of 
Biometrics provides statistical advice and a com- 
puting service for other departments and has com- 


menced its own field-experiments to answer specific |. 


questions. 


SCIENTIFIC RESEARCH IN ALBERTA 


"Das thirty-ninth annual report of the Research 
Council of Alberta, covering the year 1958, 
stresses the work on ground water geology and the 
studies on the Precambrian Shield area of north- 
east Alberta (Report No. 78. Pp. 66. Edmonton: 
Research Council of Alberta, 1959). Work was com- 
menced on the delineation of areas with large coal 


* reserves which could be developed by industry as a 
|/:80uree of power, and reconnaissance surveys were 


made of alkali lakes in Alberta and of the mountains 
west of Nordegg. A laboratory study of till from the 
Cooking Lake moraine showed that electrical poten- 
tials up to 0-5 V. can be generated in soil between 
individual horizons by natural processes. Soil surveys 
continued and a study is being made to determine 
the characteristics of the dominant parent materials of 
Alberta soils, the composition of the glacial till and 
the local variations. Further work at Youngstown 
showed that the productivity of the solonetz soils 
was limited by the physical condition of the soil, 
times and timeliness of irrigation being both critical 
ünder such soil conditions. The hail reporting net- 


work was further extended and valuable results were 
obtained in spite of an unusually low incidence of. 
hail in the area. The highway research programme 
was largely concerned with the instrumentation and 
study of a five-mile portion of the trans-Canada 
highway west of Calgary, on which test sections of 
ow different types of concrete pavement wore 
laid. 

Fundamental studies on coal in the organic 
chemistry laboratory ineluded an examination of 
reactions of humic acids, a preliminary survey of 
the properties of kerogens and other organic sub- 
stances associated with inorganic sediments, and sub- 
stantial progress in the separation of the products 
obtained by oxidizing pyrolysed truxene with nitrie 
acid. The main effort of the physical chemistry 
laboratory was in studies of the mechanism of thermal 
decomposition of coal and the control of the decom- 
position by gaseous and gas-entrained additives ; but 
the effects of ultrasonic irradiation on small molecules 
were also examined and the viscosity characteristics 
of solvent extracts from coal and the shape and size 
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of the extracted molecules In paleobotany, sub- 
stantial progress was made in formulating means for 
identifying fossil spores and pollen grains, and the 
development of a ‘key’ for identifying lving and 
fossil conifer woods 1s now virtually complete Further 
studies are reported on fluidized carbonization, and 
the first stage of a coal grindabihty mvestigation was 
completed In the petroleum division studies con- 
tinued of the catalytic desulphurization of sulphur 
compounds at high temperatures to remove sulphur 
as hydrogen sulphide and on the oxidation of sulphur 
compounds to remove ıt as sulphate The study of 
two-phase flow of oi and wate: m pipe-hnes was 
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contmued, m which a general mathematical analysis 
was developed for two mmmuscible fluds flowmg 
between wide parallel plates and flowmg concentric- 
ally m a circular pipe Considerable progress was 
made in the study of the effects of hydrogen isotopes 
on the rates of chemical reactions, while the study of 
the 1etention volumes of hydrocarbon gases on 
chromatographic columns of a series of activated 
charcoals has been extended to an examination of the 
relatrve widths of the chromatographic bands The 
&utothermie surface combustion reactor for py1olysmg 
hydrocarbons was further developed A hst of 
pubheations of the Council 1s appended 


BIOLOGY OF AMCEBA 


HE late Robert Chambers was a much-loved 
personality on both sides of the Atlantic A 

publication by the New York Academy of Sciences 
has been greatly influenced by him, many papers 
bemg presented by his foimei students and 'second 
generation’ of students* The papers deal exclusively 
with the ‘fission cycle’ of the hfe-history of Amceba 
I fist made acquaintance with Chambers when 
studymg Daphma pulex, each having worked. out 1ts 
spermatogenesis Later, I sent to him supplies of 
A proteus at various localities 

An article by Maza in “Science in Progress’! 
prepared readers for some of the many good thmgs 
im this volume After a short biography of Chambers 
and an introduction by Hirshfield, the subject-matter 
is grouped into fom parts In part 1 (“Structural 
and Taxonomic Considerations"), Torch desciibes 
the cytology of Pelomyxa The most interestimg 
conclusion 1s that crystals are a metabolic waste 
product, probably an accessory mechanism for the 
excretion of nitrogen Particulates of Amcebe are 
studied by Kassel using a drop-retraction technique , 
protems on reaching an expermentally introduced 
oi-water interface unfold and produce a surface 
denaturation curve resembling that of a medium 
containing 8 protein of low molecular weight Useful 
practical hints and photographs of apparatus, as well 
as electron microscope studies, are given in ‘Micro- 
scopic Studies" by Borysko and Roslansky Beautiful 
electron mucroscopic woik by Pappas reveals the 
astounding presence of fine fibrous extensions on the 
outer surface of the plasmalemma of three species of 
ameeba, and other unsuspected structures Kudo 
gives a welcome résumé of the work of the early 
observers and ther nomenclature and makes a strong 
plea for the retention of the name Ameba for the 

enus 
* In part 2 (“Physical Studies and Cell Drvision’’) 
Landau deals with sol-gel transformations m Amcebee, 
and considers that the findings of myosin-like proteims 
m amoeboid forms lend credence to the idea of a 
contractile substratum “Synchronization of Cell- 
Division” by James gives much fascinating detail 
of the observations made durmg the establishment 
of the mam thesis ‘Three authors deseribe pmo- 
cytosis, which was discovmed by Lewis, and 
observed by Mast and Doyle m amæœbæ, but 
only recognized as umportent m the past few years 
Holter, m the next paper, gives some beautiful 
pictures of the phenomenon, and stresses its rm- 

* Annals of the New York Academy of Sciences Vol 78, Art 2 
The Biology of the Ameba By Henry I Hirshfield and 22 other 


authors Pp 401-704 (New York New York Academy of Sciences, 
1959) 450 dollars 


portance in the physiology of amoeboid cells, though 
he thinks that the origmal definition may require 
modification towards less emphasis on the fluid 
uptake and more on the dissolved substance 

A very long paper of sixty-three pages by 
Guthwm and Kopae is a vade-mecum for the 
mucroscopic enzyme chemistry of carboxyl esterases 
m Amæbæ ‘‘Cytochemcal Differentiation n Normal 
and Starvmg Amobs", by Heller, ıs the second 
article of pat 3 An mteresting analysis of the 
cytoplasmic melusions deals with refractive bodies 
As I have repeatedly pomted out, these refractive 
bodies are nutritive, and for that reason Dr Carmela 
Hayes renamed them ‘nutritive spheres’ They play 
a great part m the formation of the spores m the 
Proteus group of Amcebe Ther diameter 1s indica- 
tive of the age of the Amceba—an individual with 
large nutritrve spheres 1s old and ready to sporulate 
Cohen, m “Physiological and Morphological Observa- 
lions", gives the first hnt as to the great weakness 
of the work under review when he says, “A proteus 
in our experience consists of at least two strains 
investigators should give the history of the stock 
they use" I maimtaim that two distinct species 
masquerade under the specific name profeus I have 
had an opportunity of studying a rich culture fiom 
the laboratory of Brachet ib was A lescherae 
and not A proteus It also contamed very young 
stages of development, provmg that even under rigid 
subculturing a few individuals escape and sporulate 
Want of space prohibits more than mention of “Tracer 
Studies m Amoebe” by Plaut, “Effect of Selected 
Chemical Agents on Amcebe”’ by Zimmerman 

In part 4 Hirshfield discusses “Nuclear Control 
of Cytoplasmic Activities” and Prescott pictures 
the wonderful Cartesian diver for weighing Amcebe 
in. lus article on muerotechnique m amæœbæ studies 
*"Mierurgieal Studies on Imadiated Pelomyra", by 
Daniels, ıs followed by an account of the cele- 
brated work of Daniell: on strams of Amæœbæ that 
have been continuously cultivated for years 1n King’s 
College, London In conclusion, one would wge 
the exammation of older Amcebe for the presence 
of deoxymbonucleie acid Brachet’s beautiful work 
on the “Cytoplasmic Dependence in Amoeba”’ evı- 
dently omuts this The volume ends on a hghte 
vem when Kopac visualizes Amceba research in 2158 
Used m conjunction with Jepps’s “The Protozoa, 
Sarcodina’’®, this volume 1s a useful reference book 
for all students of Ameba Monica TAYLOR 
1'Soence in Progress", edit by Taylor, Hugh, 10th Series (New 


Haven, Yale) a 
*Jepps, M W , “The Protozoa Sarcodina” (Oliver and Boyd, Edin- 
burgh, 1956) 
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VALUE OF CONTOUR ANALYSIS IN EQUATORIAL METEOROLOGY 
By D H JOHNSCN and D. H.T MORTH 


Fast African Meteorological Department, Nairobi 


INCE November 1958, daily contour analyses 
have been made at the East African Meteoro- 

logical Department, Central Forecast Office, East 
Africa, for standard pressure-levels from the surface 
to 100 mb , and for an area which includes all Africa, 
and Europe to 55°N Such analyses are beheved 
to be unique for Africa they are giving an insight 
into mechanisms governing equatorial weather which 
has not been provided by conventional streamline 
analyses of the upper winds 

Flow and changes ın the flow are as dependent in 
the tropics as elsewhere on the pressure field and its 
evolution However, the want of radiosonde data, 
Jack of success in explaining day-to-day variations 
in weather 1n terms of the surface pressure field, and 
the absence of a fixed relation between pressure 
gradient and wind, have led to a concentration m 
the past decade on streamline analysis alone Stream- 
lines define usefully the instantaneous wmd but they 
have failed m everyday use in East Africa to account 
satisfactorily for the observed weather, and they have 
contributed little by themselves to the solution of 
forecasting problems Improvements m radiosonde 
and radar wind coverage over Africa, due largely to 
the stimulus of the International Geophysical Year, 
now permit some deductions regarding the role of 
the upper pressure distribution to be made 

Prmerpal pomts of contrast with middle-latitude 
upper patterns are (a) equatorial pressure gradients 
are weak, a consequence of the mability ot other 
terms m the equations of motion to balance a large 
pressure force in the free atmosphere, (b) pressure 
systems which influence East African weather are 
slow-moving or stationary and weather changes are 
effected more often through development «n situ than. 
by travelling disturbances 

Though the observations are still insufficiently 
dense and accurate to define the contours precisely, 
certam characteristic states have been recognized 
An important case arises when upper anticyclones 
in. the lower latitudes of each hemisphere are separated 
by a trough along the equator (Fig 1) This system 
is associated with zonal flow Pressure gradients and 
winds derived by assummg a geostrophic balance 
agree well with observations When the contours 
are confluent as in the nght of Fig 1, acceleration 
leads to convergence near to the equator, and if the 
convergence extends in depth through the lower 
layers, a ram-producing mechanism exists Under- 
standably, the most marked effects on the weather 
occur when the pressure field is not stationary, but 
either or both of the anticyclones change their m- 
tensity or location, the accelerations are then 
potentially greatest since the geostrophie balance is 
particularly dehcate due to the smallness of the 
Coriolis parameter 

A second well-defined model occurs when a men- 
dionally directed pressure gradient exists across the 
equator (Fig 2) The geostrophie departure increases 
as the equator 1s approached and the unbalanced 
"pressure force at the equator itself leads sunply to 
down-giadient (Eulerian) flow the contours are 


erossed perpendicularly by the streamlmes a few 
degrees downstream of the equator, the lag bemg 
due to the zonal momentum carried This model 
was observed primarily in the period January-March 
1959 when, 1n the lower troposphere, the low pressure 
to the south took the form of a zonal trough 
Cochemé! has remarked on the predominance of this 
pattern near the surface during February 1955 and 
has noted the resemblance to the large-scale monsoon 
flow associated with the Indian summer low pressure 
On other occasions the low pressure is the equator- 
ward portion of a large-amplitude trough in the 
polar westerlies which has penetrated the sub- 
tropical anticyclonic belt This pattern was typically 
associated with lower divergence and fine weather 
north of the equator and with rain m the convergent 
westerlies to the south 

The foregomg two cases have been illustrated in 
simple form, but smaller-scale complications, some 
orographic, some developmental, may be super- 
imposed upon them, and the two patterns can co-exist 
m adjommg longitudes Other characteristic states 
arise Of particular importance are those which give 
rise to westerhes m the lowe: half of the troposphere 
East African meteorologists have long recognized 
an association between westerly winds and wide- 
spread rain Previously this has been ascribed to 
the presence of a source of moisture to the west 
We observe, however, that a more than adequate 
supply of moisture is carried inland in the lower 
layers of the easterly monsoon currents, and consider 
this to be the more important moisture source for 
East African rainfall Westerly flow 1s often sumply 
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a recurving easterly monsoon current A basic 
tendency for moisture to be contamed m the lower 
layers m easterlies, due to subsidence, and for up- 
ward transport of the moisture in westerlies, 1s 
ascribed to the operation of the Coriolis term, 2Qcosq v, 
in the equation for the vertical acceleration 


d a 
Lm a E — g + 20cosp u 


where the symbols have thew conventional signific- 
ance Considermg a fixed value for u, the term 
2Qcosp u has 1ts maximum ab the equator It has 
usually been dismissed as bemg negligibly small? m 
comparison with the pressure gradient and gravity 
terms, but these oppose each other, being approx- 
imately m balance In these circumstances smaller 
terms can achieve significance Calculation of the 
last term shows that, providing the possible com- 
pensating mechanisms only partially diminish the 
instantaneous acceleration, appreciable vertical 
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motions could build up on the time-scale of synoptic 
processes. The effect 1s by no means over-riding and 
may be opposed or enhanced by the synoptic 
situation 

The importance of examming pressure and flow 
patterns at several levels of the lower troposphere 
when assessmg the significant vertical motions was 
amply demonstrated durmg May 1959 Marked low- 
level drvergence over Kenya and Tanganyika, in the 
outflow from the surface/850 mb Mauritius/Mada- 
gascar sub-tropical anticyclone, underlay on different 
occasions a confluent 700 mb pattern (Fig 1) and a 
weak westerly flow , in both cases no ram fell 

As recently as December 1958, the opening speaker 
at & Meteorological Office discussion on tropical 
meteorology? remarked that the forecasting of upper 
winds from prontours 1s mvalid in equatorial regions 
because a relationship between contours and wind 
has not been established Contrarrwise, the present 
work, which raises hopes of a basically synoptic 
solution to East African weather forecasting problems, 
suggests that the ability to predict changes in the 
contour pattern imn low latitudes ıs a fundamental 
need We most strongly disagree with the view 
expressed by Walker m the same discussion® that 
there is no guarantee that an mmproved upper an 
network would improve (equatorial) forecastmg 
significantly In a paper which has very recently 
come to hand, Palmer and collaborators’ have 
proved the occurrence of approximately geostrophic 
flow down to equatorial latitudes m the Pacific 
Trades, thew investigation demonstrates most 
eloquently the value of a close homogeneous network 
of radiosonde and radar wind observations m solving 
the problems of equatorial flow the estabhshment 
of a similarly close network m East Africa and 
adjommg territories, where a greater variety of 
pressure patterns and far more synoptic change 
occurs, would, we contend, lead to fundamental 
progress in our understandmg of equatorial weather 
mechanisms 

We wish to thank Mr B W ‘Thompson, regional 
meteorological representative, Kenya, East Africa, 
for his constant support and advice, and Mr J P 
Henderson, director, East African Meteorological 
Department, for permission to publish this account 


2Cochemé, J (unpublished notes, 1959) 
E c 5, “Weather Analysis and Forecasting" (MeGraw-Hill, 


* Met Mag , 88,113 (1959) 

1 Palmer, © E, Balhf, J B, Sinclar, P C , and Viezee, W , “An 
Empirical Study of Air Movement near the Equator” (University 
of California, Los Angeles, 1958) 


PERMANENT MOISTURE EXPANSION OF CLAY PRODUCTS 
ON NATURAL EXPOSURE 


By J S HOSKING and H. V HUEBER 


Division of Building Research, Commonwealth Scientific and Industrial Research Organization, 
Graham Road, Highett, S.2I, Victoria, Australia 


HE errticisms by Vaughan and Dmsdale! of our 

communication? on the progressive long-term 
moisture expansion of clay products, and ther 
objection to our use of the term ‘permanent’ to 
describe it, lead us to fear that they still regard the 
problem as one of academic interest only and not as 
& serious practical one, such as our observations of 


damage to buddmgs in Austraha? and those of 
McBurney‘ m the United States of America have 
shown it to be Although the expansion may 
apparently be 1emoved by subjectmg the mater- 
ials to high temperatures, 1b 15 permanent at atmo- 
spheric temperatures, and hence as long as we 
are considering the problem as a practical one 
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observations ıb is clear that there 
are no practical relationships be- 
tween autoclave and low-tempera- 


dum a tmo Td 


1 
Lapeer rT . ^ 9 ture data? Estimates of ultimate 
-— 7 2.0 ume" ''" 3 7 expansions likely m practice and 
on » a d ihe times to reach these have 


therefore to be based on the results 
obtained for natural exposures to 
date, and as they come to hand m 
the future 

From our experience we are not 
surprised that specimens used by 
Vaughan and Dmsdale did not 
reach equilibrium during relatively 





Time (yr ) 


Fig 1 Average permanent moisture expansion curves for eight types of clay product 
Curve 1, roofing tiles, curve 2, wall tiles, curve 3, 
architectural terra-cotta , curve 4, bricks, curve 5, china body, curve 6, refractory 


on standing 1n air for two years 


body, curve 7, floor tile, curve 8, firebrick 


the expansion can properly be referred to as 
permanent 

Our mam object m studymg the problem is to 
determine, for a wide range of clay products, the 
ultimate expansions and the times taken to reach 
these, whether they be 50, 100 or 1,000 years A 
knowledge of both 1s necessary if we are to find out 
how to offset the expansion and so prevent the 
resultant damage The reason that we, like others, 
have autoclaved the bodies m steam has been to 
accelerate the process of expansion and thus to study, 
in a reasonable tine, the reactions which normally 
take a hfe-tume or more Unlike others, however, we 
have contmued the process of autoclaving until the 
bodies reached dimensional stability and have thus 
obtamed measures of the maximum expansions the 
bodies suffer at high temperatures At the same 
time, we have not neglected to observe the bodies 
under natural conditions, for it ıs only thus that the 
practical behaviour of the bodies can be correlated 
with the results at high temperatures 

In all, we now have more than a thousand mdus- 
trial and laboratory specimens exposed under natural 
conditions, and these are being added to from time 
totime Replicate samples are exposed, out of doors, 
m an air-conditioned laboratory and m an atmo- 
sphere of 100 per cent relative humidity, while others 
are kept totally immersed m water, others agam 
have been subjected to cycles of soakmg m water 
and drymg at 110° C Some bricks have now been 
under observation for five years, at the end of which 
tune they show expansions rangmg from 0 045 to 
0 20 per cent with an average rate still between 
0 005-0 006 per cent per annum Most products 
have been under observation for shorter periods, and 
the average and range of the expansions for the 
eight types of body for which results on autoclaving 
have already been reported’, after standing for two 
years either in the laboratory or out of doors, are 
given m Table 1 Curves for the average expansion 
of the products with tıme are given in Fig 1 Because 
of the small number of some of the products so far 
examined the values cannot be considered as com- 
pletely characteristic, but they do mdicate the 
general trends for the various bodies 

Our results show that the expansions on standmg 
in air axe higher than those predicted from the tem- 
perature coefficient of the expansion process based 
on high temperature data’, and from this and other 





short periods of either natural 
exposure or autoclaving Standing 
for three years 1s a long way short 
of the periods for which we know 
that bodies can continue to expand’, 
and calculations based on the 
temperature coefficient of the 
expansion process®® show that 
tames of the order of 12,000 hr would be required 
if the bodies are to reach dimensional stability in 
steam at 50 Ib [sq m 

We have observed shrinkages on drying as reported 
by Vaughan and Dmsdale only m  under-burnt 
bodies, and then only on drymg after more than one 
cycle of wettmg and drying, these shrmkages are, 
however, always less than the oiigmal expansions on 
wetting Normal ceramic bodies have, in general, 
contmued to expand on drymg at 110° C whether 
they have been soaked m water or treated m the 
autoclave? This has also been the experience of 
other workers*, and Bonnell and Butterworth! have 
found that no less than 50 per cent of the bricks of 
the Umted Kmgdom expanded when tested for 
drymg shrinkage Only when specimens have been 
autoclaved until they approach dimensional stability 
(far beyond the stage to which Vaughan and Dms- 
dale's specimens were taken) do drying shrinkages 
become apparent, and then only of the order of 
0 01-0 02 per cent, a mere fraction of the total 
expansion In this connexion it is of practical sig- 
nificance that all nme experimental walls which have 
now been standing for more than three years at this 
Division expanded at shghtly higher rates when 
drying out durmg the hot summer months? The 
explanation for this is sumple ıb 1s due to the 
increased rate of reaction between the reactive com- 
pounds ım the bricks and the water still present at 
the Ingher temperatures durmg the drymg out 
process 

Vaughan and Dinsdale’s observation that a com- 
plete reversal of the change in size can be obtamed 
by heatmg to 800° C suggests that they have not 
mvestigated a very wide range of bodies This 














Table 1 PERMANENT MOISTURE EXPANSION FOR HIGHT TYPES oF 
CLAY PRODUCT STANDING IN AIR 
Expansion 
No —— 
Product examined | Average Range 
(per cent) (per cent) 
Roofing tile 94 0 082 0 162-0 009 
Wall tile 18 0 079 0 094-0 066 
Architectural terra-cotta 12 0 074 0 098-0 059 
Brick 260 0 061 0 186-0 010 
China body 6 0 061 0 110-0 034 
Refractory body 6 0 042 0 080-0 023 
Floor tile 12 0 034 9 080-0 014 
Firebrick 12 0 031 0 045-0 020 
———— 
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phenomenon has been reported once before’, but 
most other workers have found that temperatures of 
at least 600° C and often much higher aro necessary 
for this purpose? In some cases it has proved ım- 
possible to remove expansion without heating to 
temperatures approachmg and above those at which 
the specimens were origmally fired At these tem- 
peratures further firmg shrinkages occur and the 
two offects become confused , this suggests that even 
at lower temperatures the shrmkages obtained by 
reheating are not necessarily caused by a reversal of 
the expansion process, and hence any approximate 
numerical agreement may be quite fortuitous 

Our critics also raise the question of expansion 
taking place during the coolmg of the clay bodies m 
the kiln, and its effect on the establishment of a 
standard zero of measurement Woe are fully aware 
of this problem but do not see that ther proposal of 
a prelmunary desorption is of practical value The 
specimens will still have to be cooled after this 
treatment before they can be measured, and hence 
they will again adsorb moisture, and further, as we 
have pointed out above, most bodies if heated after 
they have adsorbed moisture expand still more We 
therefore consider that the small amounts of expan- 
sion in the kiln must be disregarded from the prac- 
tical pomt of view What matters is the expansion 
that takes place m the structures mto which the 
units are built, and therefore the practical basis for 
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calculating and comparmg expansions 1s the ex-kiln 
length of the products 

From experimental evidence m this Division?%,° we 
consider that chemeal processes mvolving hydration 
of such constituents as amorphous alummo-silicates, 
glasses and amorphous silica are responsible for 
expansion, and that reversible physical swelling, 
except m under-burnt bodies, plays a very minor 
part Furthermore, we consider that the evidence 
presented by our entis does not substantiate a 
physical explanation 

A full account of our work to date on bricks? is 
now available and we hope to present a suramary of 
current studies on the expansion (under natural con- 
ditions of exposure) of all clay products exanuned so 
far to the seventh International Ceramic Congress m 
1960 


1 Vaughan, F , and Dinsdale, A , Nature, 183, 600 (1959) 
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EXISTENCE OF AN INNER AURORAL ZONE 
By Dr KNUD LASSEN 


Danish Meteorological Institute, Copenhagen 


ROM theoretical considerations Alfvén! predicted 
the existence of an mner auroral zone at a polar 
distance of 5-10?  Nikolsky?, Meek®, and others have 
found that the maxima of geomagnetic and 10no- 
spherie disturbances are concentrated around a spiral- 
shaped zone which Nikolsky identifies with the mner 
auroral zone However, no observation. of aurore 
in relation to this zone seems to have been made, 
the sprral-shaped zone 1s presumably identical wrth 
the curve of geographical distribution of maxima 
of magnetic activity of class J4 At Godhavn (69 2°, 
3806 5° geog ) this class of activity 1s not at all, or 
very poorly, correlated with aurore , hence the zone 
of Nikolsky, Meek and others can scarcely be regarded 
as an auroral zone m the proper sense 
It 1s the purpose of this article to direct attention 
to a ‘population’ of aurore which seems to form 
an inner auroral zone , 1t summarizes a study which 
‘was presented in part at the Auroral Conference at 
Uppsala m August 1958 A more detailed paper will 
be published elsewhere 
As a result of visual auroral observations at God- 
havn during 1952-56 14 was found that the diurnal 
distribution of auroral frequency there had two 
maxima In fact, the distribution 1s composed of two 
distributions of different types One, with a maxi- 
mum near magnetic midnight, 1s formed by relatively 
brilliant aurore, approaching and sometimes passmg 
zenith from the south-east, accompanied by negative 
magnetic bays These aurore are especially frequent 
and brilliant on international disturbed days and in 
years with low sunspot activity 


The second distribution with a maximum at about 
6h local time 1s formed by zenithal aurore These 
are narrow diffuse bands, sometimes with & famt 
ray structure, or draperies—often several parallel 
draperres—composed of long rays that may be at 
some distance from each other The draperies may 
form fans or coronas, occasionally accompanied by 
colour effects, but generally the movements of the 
arcs and rays are very moderate They may rather 
be described as slow pulsations of intensity , narrow 
homogeneous ares slowly die away, while parallel 
ares a few degrees from them grow in intensity 
These slow variations may go on for a long time, 
they seem quite regular and not m phase in the 
different arcs or rays, so that the mean position of 
the aurora is little affected by the intensiby varie- 
tions 

Several authors have assumed that the mam 
auroral zone 18 displaced polewards m the morning 
hours There ıs no observational evidence that this 
1s the reason why aurore are observed at Godhavn 
in the mornmg hours On the contrary, m the cases 
where the onset of the mornmg-type aurore was 
observed, very weak aurore began sporadically at 
a great elevation at about 3h -4h (Ascagrams from 
the International Geophysical Year, too, show that 
the aurore begm suddenly withm a few degrees 
from Godhavn ) The mean elevation did not change 
significantly in the course of the morning, the mean 
distribution of the elevation. of the arcs and draperies 
had its maximum a httle to the south of zenith 
(Fig 1) 
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Fig 1 Frequeney-distribution of zenith-distances, Goühavn, 
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Fig 2 Azrmuth of ares, Godhavn, 1954-56 


The direction of the bands was perpendicular to 
H until 6h ; at about 6h the mean direction 
suddenly changed im a clockwise sense (as seen from 


above) The change is consistent with Alfvén’s 
theory? The order of magnitude was 20° m 1954-56 
(Fig 2) 

Whereas the | evemng-type 


aurore are strongly related to #0 


magnetic activity, the morning- 
type aurore are not correlated 
with local magnetic activity, and 
they appear to be independent of 
the planetary state of disturbance, 
too Thus, observations from 
Upernavik, a few degrees to the 
north of Godhavn, from the years 
1884-1937, show that aurore noted 
at 91h LT were eight times as 
frequent on international dıs- 
turbed days as upon international 
quiet days Aurore noted at 8h 
were here, as well as at Jakobs- 
havn, a hundied kilometres to the 
east of Godhavn (observations 
1885-1915), distzibuted at random 
between. quiet, disturbed and the 
iemamung days At Godhavn 
aurore were observed on 106 of a 
total of 110 clear mornings without 
moonlight ın the winters 1954-55 
and 1955-56 

A study of publshed auroral 
reports from arctic expeditions 
has shown that the morning-type 
aurore observed at Godhavn can 
be found at several other locations 
too Thus the auroral type men- 
tioned was observed near zenith 
at Kingua-Fjord’, and ıt seems 
likely that the same was the case 
at Chesterfield*5, Coppermine? and 
Murchison Bay? Further, auroræ 
near zenith m the morning hours 
were observed at Danmarkshavn 
(76 5°, 341°), Station Nord (81 5°, 
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(unpublished observations, Danish Meteorological 
Institute), 

To the south of Godhavn the aurors seem to have 
been observed from Godthab, whereas at stations in 
southern Greenland nearer to the mam auroral zone 
this type of aurora has not been identified. 

At stations nearer to the centre of the auroral 
isochasms (Peary Land, Upernavik, Thule) the 
morning aurore are observed less frequently and 
manly on the southern sky (unpublished observa- 
tions) 

In the Antarctic the inner zone aurore were 
observed by several expeditions, for example, by 
Mawson at the stations Cape Royds and Cape 
Denison" 

On the map m Fig 3 (after Hultquist*") the places 
at which the mormmg aurore are observed near 
zenith have been plotted as circles They are seen 
to form a zone which ıs practically comeident with 
Hultquist’s auroral isochasm through Godhavn This 
oval, which is the projection of a circle m the 
equatorial plane outside the Earth on to its surface 
along the geomagnetic hnes of force, may thus be 
regarded as an inner auroral zone, occupied m the 
early morning- and day-hours of all days, wrespective 
of disturbances m the mam auroral zone 

Tig 4 shows the diurnal distribution of auroral 
frequencies for December and January 1948-50 at 
five stations in Greenland The stations are Thule 
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342°) and at a number of stations 
on the western coast of Greenland 
not very distant from Godhavn 
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Fig 3 Auroral isochasms (after Hulbquist) and stations with mornmg aurore 
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Fig 4 Percentage of clear hours with aurora at five stations in 
Greenland, December and January 1948-50 


(76° 33’N , 68° 49’ W), Brenlunds Fjord, Peary 
Land (82° 10’ N , 30° 30 W), Danmarkshavn 
(76° 46’ N , 18° 45’ W ), Angmagssalik (65? 36’N , 
37° 33’ W ), and Prins Christians Sund (60° 03’ N , 
43° 12^ W ) The figure gives the percentage of clear 
hours with aurora, arranged according to local time , 
the same scale has been used at all stations Whereas 
the frequency of evening aurore mereases from Thule 
to Angmagssalik-Prins Christians Sund ıb 1s clearly 
seen that the frequency of the morning aurora has 
its maximum at Danmarkshavn, m accordance with 
the idea of the existence of an inner auroral zone 
there 

Hulburt!*, m his study of the drurnal variation 
of auroral frequencies, takes the view that ‘“Vegard’s 
conclusion, that most auroral forms show an evening 
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and morning maximum, is contradicted almost as 
often as itis upheld" From Fig 4 (which 1s in agree- 
ment with material from several other stations) 1b 
may be seen that the different types of diurnal 
distributions can be arranged accordmg to the 
following scheme (a) stations at the mam auroral 
zone have distributions with a smgle maximum near 
geomagnetic mudnight, (b) stations between the 
zones have often, m addition, a weak morning 
Maximum, (e) stations near the inner auroral zone 
show two maxima, one near geomagnetic midnight 
and one at about 6h LT , (d) stations some degrees 
of latitude nearer to the pole show a weak geo- 
magnetic midnight maximum and a distinct moinmg 
maxunum 

Great ionospheric disturbances begin at the same 
time as the onset of the morning aurore The F-layer 
is dissolved into spread F and oblique incidences, 
which are soon accompanied by sporadic layers of 
auroral type at different virtual heights between the 
E- and F-layer heights Whereas observations of 
aurore are restricted by cloud and daylight, a study 
of ionospheric disturbance is possible at any time 
The occurrence of ionospheric disturbance may be 
represented by the mean daily distribution of the 
frequency of E; > 3 Mc/s, which is published 
monthly by the National Bureau of Standards By 
combmung the frequencies for 3h -8h r'r for the 
years 1952-56 ıt was found that the yearly variation 
of the morning disturbances is a single wave with a 
maximum at midwinter and a mununum at mid- 
summer The variation through the whole period 
seems to mdicate a variation in phase opposite to 
the sunspot variation 
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ISOMERS OF VITAMIN A IN FISH LIVER OILS 
By PATRICIA S BROWN, WILLIAM P BLUM and MAX H STERN 


Biological Laboratories, Harvard University, Cambridge, and the Research Laboratories of 
Distillation Products Industries, Division of Eastman Kodak Company 


E have investigated the occurrence of the 
“so-a? and '«so-b' isomers of vitamm A m a 
number of fish hver oils by means of reaction with 
the retmal protem, opsm These isomers were found 
to constitute about 20 per cent of the vitamm A m 
cod, shark and mixed fish liver oils examined Since 
the presence in fish liver oils of all-trans vitamm A 
and neovitamm A (neo-a) has previously been 
reported, all four of the 'unhimdered' isomers have 
been found m these oils 


The finding assumes umportance because the s50-z 
and sso-b isomers have only about one-fourth the 
growth-promoting activity of all-trans vitamm A, as 
measured by rat bioassay? 

Nomenclature, structure and biopotencies for the 
1830-a and «so-b isomers are shown m Table 1 

The trivial names devised by Hubbard and Wald® 
are used in this report because official action on a 
numbering system has not yet been taken The 
numbermg systems now used melude (G) Table I, 














378 
Table 1 
Relative biological potency 
Trivial Stereoisomeric (ref 2) (per cent) 
name orm Vitamin A Vitamin A 
acetate aldehyde (retinene) 
all-trans p 100 91 
Uu 
wo-a | 9-ci5 6-c2s 21 19 
180-b 9,13-di-ew — 2,6-d1-cis 24 17 
CH, Jr. CH, CH, 


(61 | (2) 
/ \-CH=CH—C=CH— CH--CH—C—OH—CH,O0H 


Ge (9) (13) 
CH, 


the Geneva system used by Chemical Abstracts* and 
employed m earlier*5 and forthcommg papers from 
the Distillation Products Industries Laboratories and 
(C) the system analogous to that used with the 
earotenoids and employed by Wald, Brown, Hubbard 
and Oroshnik* 

Hubbard and Wald’ first reported the presence in 
a concentrate from fish liver ous of a cvs-isomer of 
vitamn A different from the neovitamm A found 
by Robeson and Baxter! Later studies by Hubbard 
and Wald? on pure retimene (vitamin A aldehyde) 
isomers synthesized m the Distillation Products 
Industries Laboratories? € showed that the isomer in 
fish liver oll was «50-2 vitamin A The basis for the 
identification was the observation that both 450-a 
retinene and the retmene corresponding to the cis- 
isomer formed the same pigment with opsm, namely, 
zsorhodopsm, havmg an absorption band maximal 
at 487 mp Jeo-b retinene, on meubation with opsin, 
slowly 1somerizes to 2s0-a retinene and forms the 
same pigment 

This reaction was afterwards developed by Hub- 
bard, Gregerman and Wald? as an analytical method 
for determming tho 450-a and 1so-b isomers in the 
absence of neo-b retinene The neo-b 1s0mer, the key 
isomer m the visual process, mterferes ın this reaction 
by yielding the pigment rhodopsm, absorbing at 
500 mp The interference from neo-b retinene has 
nob compheated studies on fish hver oils because this 
isomer has not yet been found outside the eye’ 

The results of applymg this analytical procedure 
and an infra-red method to vitamin A preparations 
are given m Table 2 

Four fish hver oi preparations (shark ‘non-sap’, 
that is, the non-saponifiable fraction, before and 
after concentration by molecular distillation , cod 
‘non-sap’ and the ‘non-sap’ from distilled cod liver 
oil) were prepared (by M H 8) and assayed by the 
opsin method (P S B) The test samples were 
saponified and the vitamin A isomers were recovered 
by extraction (US P XV method) Sterols were 
separated by crystallization from methanol at —20°C 
The isomers were oxidized to the retinenes by pro- 
cedures similar to those of Wald" with manganese 
dioxide prepared according to Henbest, Jones and 
Owen!! The cod hver oil was a pharmaceutical 
preparation from an apothecary, the shark liver 
ol was from a bulk commercial shipment ob- 
tamed at Distillation Products Industries Table 2 
shows that 19-26 per cent of combmed 1450-2 and 
480-b isomers were present m the vitamin A of the 
ous 
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After further refinement of the procedures, the 
vitamin A of a pharmaceutical grade, mixed fish liver 
oil (sample 5, Table 2) was found to contam 19 per 
cent combined $so-a and 2s0-b isomers 

The content of combined «50-a and «so-b vitamm A. 
in à sample of oil from rat livers (sample 6, Table 2) 
was examined The value found (14 per cent) was 
lower than that found for the fish liver oul prepara- 
tions examuned, but was substantial and indicates 
that these isomers occur m other oils besides fish 
liver ous 

The origm of the 250-2 and 2s0-b isomers 1n fish liver 
ous is uncertain Ames, Swanson and Harris?! have 
suggested, on the basis of bioassays of rat liver ois, 
that the isomers originate there from vn vwo isomeriza- 
tion of all-trans or neovitamin A to form an equilib- 
rium mixture A srmular isomerization may occur m 
fish liver oils 

Another possibility is that the ‘cso’ isomers may 
sometimes be formed durmg processmg of fish livers 
Lambertsen and Braekkan!* for example, have 
reported evidence suggesting that neovitamm A is 
formed from all-trans vitamin A durmg commercial 
processing and ıb ıs possible that «0? isomers may 
also be formed Pharmaceutical grade oils were used 
m the present study, where available, to ensure that 
the samples used had received as careful commercial 
processing as possible 

The saponification and oxidation procedures used 
1n the present work to prepare the samples for assay 
were examined as & source of isomerization Control 
experiments in which all-trans vitamin A palmitate 
was so processed produced negligible amounts of 
*430' isomers, as measured by the mfra-red procedure, 
and ruled out this possibility 

The recognition of the prevalence of the 2s0-a and 
230-b 1s0mers made ıt of interest to isomerize samples 
of retinene n vitro, with dilute hydrochloric acid, 
until they had attamed a state of ‘equilibrium’, 
defined as the pomt at which further exposure to 
acid produced no change m the proportion of the 
four isomers present Assays by the opsm and 
infra-red methods are reported m Table 2 As m 
fish liver ous, the proportion of combmed :5o-a and 
ao-b isomers in the vitamm A of the artificial 180- 
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Table 2 
Percentage | Percentage 
180-2 ++-230-b | 180-0 4-280-b 
Sample in total in total 
No Description* vitamin A | vitamin A 
isomers isomers 
(opin (infra-red 
assay) assay) 
Liver 01] concentrates 
1 Shark ‘non-sap’ 
E(1%, 1 em ) (328 mu) = 538 24 -— 
2 Shark distilled ‘non-sap’ 
E(196,1 om ) (828 ma) = 028 26 — 
3 Cod ‘non-sap’ 
E(195, 1 em ) (328 mz) = 202 19 — 
4 Distilled cod 'non-sap' 
#373 mu) = 427 25 — i 
5 Mixed fish liver 011 ‘non-sap’ | 
(373 mu) = 350 19 — i 
6 Rat hver out *non-sap' i 
(370 mu) = 270 14 — 1 
*Equilibrated' retinene isomer ! 
concentrates ! 
7 E(972 mu) = 1,030 21 18 
8 E(377 mu) = 1,260 23 22 
9 E(374 mu) = 1,080 20 21 











* The vitamin A in samples 1-6 was oxidized to retinene by man- 
ganese dioxide prior to assay 

+ Ou was a portion of that kindly supplied by Dr T K Murray, 
good and Drug Directorate, Ottawa, Canada, for related bioassay 
studies 
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merates was about 20 per cent The assays were 
run independently and the results indicated that with 
preparations of the purity investigated the two 
methods are m good agreement 

The average ratio of s0-a 2s0-b isomers m the 
equilibrated samples was found to vary from about 
2 lto4 1 This varability is probably caused, 
im part, by errors m measurmg the relatively small 
amounts of «so-b isomer present 

Further information on the expermental methods 
1s as follows 

Ops Opsin was prepared m digitomm, solution, 
using a modification of the procedures described 
earher?*1' This procedure will be reported m detail 
separately 

The essential steps m this procedure meluded 
dissection of retine from cattle eyes ın the hght, 
disintegration of the tissue by grinding, floating 
out the fragments of outer segments of the rods 
by differential centrifugation m phosphate buffer 
weighted with 40 per cent sucrose, lyophilization 
of the rod fragments, and exhaustive extraction of 
the dry powder with petroleum ether to remove 
extraneous hpids and vitamm A, and finally the 
extraction of opsin from the residue with 2 per 
cent aqueous digitonm Such preparations were 
assayed for ther opsin content with neo-b retmene 
(ref 10) They were stored at about —15° C 
until used for assay They remamed stable for 
many months 

Assay of retinene rsomers Samples of the mixed 
retinene isomers in & few drops of ethyl alcohol were 
pipetted into 2-3 ml of 2 per cent digitonm m water 
A cloudy solution usually resulted, dependmg on the 
concentration, but this was cleared by filtermg through 
a fine smtered glass filter The final solutions used 
for assay contamed 5-10 ugm of retinene 

Such solutions were assayed with opsm for ther 
combmed content of +so-a and 4so-b isomers, as 
described for the assay of opsin itself, except that 
at least three times the equivalent amount of opsin 
‘was used in the determmation The photosensitive 
pigment formed in all experiments was «sorhodopem 
(maxz = 487 mp), not rhodopsm 

Iso-a retanene combines directly with opsin to form 
*sorhodopsm JIso-b retinene slowly i:someries to 
2so-a, and hence forms the same pigment With 
aso-a retinene, this synthesis 1s complete mm 2 hr at 
23°C , whereas with 4s0-b retmene the same process 
1s completed only within about 24 hr 

One therefore incubates an unknown muxture of 
retinene isomers with excess opsm, and measures the 
amount of zsorhodopsm formed at 23°C in 2 hr, 
andın 24hr The amount formed m 2 hr 1s primarily 
formed from «so-a retinene , that formed im 24 hr 
measures the combined amounts of «so-a and «so-b 
retinene A small correction of the 2-hr value is 
needed to take care of the very small amount of 
wsorhodopsm formed from $50-b retinene during this 
penod, the 24-hr value ıs also corrected for the 
very small, almost negligible, synthesis of «sorhbodopsm 
by the isomerization of all-trans and neo-a retinene 
durmg the incubation period 

Total retwwene The total amount of retmene m 
the samples was estimated by the antimony chloride 
reaction and recorded with a Cary recording spectro- 
photometer The amount of retmene is determined on 
the basis that this blue product has H(1 per cent, 
l em) (664 mu) = 3,740 From this and the pre- 
ceding data, the percentage of combmed 2so-a and 
aso-b retinenes in the total retmene ıs computed 
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Infra-red procedure This work (by W P B) was 
based on the curves for the mdividual retmene 
isomers already reported’ The percentage of com- 
bined 280-4 and 280-b retinenes ın the mixed retmene 
isomers is calculated from the absorption at 8 73u, 
corrected for interference from the all-trans vitamin A 
and neovitarmn A present by the absorption at 8 48u 

The infra-red method has the advantage over the 
one employing opsin, that 15 can be used to determine 
the percentage of each of the four isomers m the 
sample, although we describe here only its use in 
determming the percentage of 1s0-a + 280-b isomers 
present It has the disadvantage that the rotinene 
content of the sample needs to be relatively high, at 
present, to munimuze errors due to the absorption of 
impurities We prefer a purity of about 75 per cent, 
E(l per cent, 1 em) (370 my) = about 1,000, but 
procedures for concentrating preparations of lower 
purity are under study 

The equation employed in the Distillation Products 
Industries Laboratory is 


Percentage 280-a + 80-b m mixed isomers = 
100 ka — (kp + 0 01) 
ke X P 


where ka = the extimetion coefficient for the test 
sample at 873. (1 per cent solution m carbon 
disulphide, 1 mm cell, Perkm Elmer, Model 21, 
instrument, sodium chloride prism, shit programming 
No = 9 75), kp =the extmetion coefficient at 
8 48u for the test sample, this value plus 0 011s the 
‘background’ correction determmed with pure all- 
trans and neovitamm A aldehydes in a ratio (3 1) 
which approximates that present m the muxed isomer 
preparations studied , ke == the extinction coefficient 
at 8 73u for pure zso-a and 280-b retinenes in a ratio 
(8 1) which is approximately that present m the 
mixed isomer preparations studied, P = the con- 
centration (per cent) of the total retmenes determmed. 
by the antimony trichloride reaction 

This work between the two laboratories was 
inated and co-ordinated by Dr J G. Baxter, 
Distillation Products Industries, with the co-opera- 
tion of Prof G Wald, Harvard University Related 
bioassays and analytical studies by members of the 
Biochemistry, Vitamm Development and Organic 
Research Laboratories, Distillation Products In- 
dustries, were helpful m guiding the direction taken 
in the work These bioassays and analyses will be 
reported separately 


Ree C D,and Baxter, J G,J Amer Chem Soc, 89, 136 
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LIVER GLUCOSYL OLIGOSACCHARIDES AND GLYCOGEN ; 
CARBON-I4 DIOXIDE EXPERIMENTS WITH HYDROCORTISONE 


By Dr HSIEN-GIEH SIE, Pror JAMES ASHMORE*, Dr ROBERT MAHLERft and 
Pror WILLIAM H FISHMAN 


Tufts University School of Medicine and the New England Center Hospital, and 
Harvard Medical School, Boston, Mass 


Je has not been possible for geographical reasons to 
continue a collaborative study designed to clarify, 
through the use of carbon-14 dioxide, the biochemical 
significance of liver glucosyl ohgosaccharides, par- 
ticularly m relation to the action of adrenal corticoid 
hormones We therefore wish to report our findmgs 
to date 

Sie and Fishman! observed earher that hepatic 
glucosyl oligosaccharides fluctuated m the same 
direction as did liver glycogen m starvation, glucose 
feedmg and msubn admmustration Under these 
conditions, our concern lay with the dynamics of the 
glucose umt, either produced from glycogen, as m 
starvation or in insulin administration, or exogenously 
provided ın the glucose feeding experment On 
the other hand, liver glycogen resulting from the 
action of hydrocortisone m fasted rats? 1s considered 
to origmate from the catabolism of protem Simcoe 
hexose synthesis from pyruvate and lactate 18 
beheved to require carbon dioxide fixation’, hepatic 
gluconeogenesis could be followed with carbon-14 
dioxide without supplymg an exogenous substrate or 
preformed glucose units The followmg experiments 
have been carried. out 

In the first series of experments, male Wistar rats 
(150-175 gm), after 22-24 hr of fasting, were 
myected with 50 ue of carbon-14 dioxide bicarbonate 
(isotonic saline, 1ntraperitoneally) 1 hr before killing, 
and at 3 hr and 5 hr after hydrocortisone (5 mgm | 
animal m salme mucrocrystallme suspension) was 
injected by the same route (Fig 1) In the second 
series of experiments, 50 ue of radioactive bicarbonate 
was injected 3 hr after an imtial injection of 5 mgm 
of hydrocortisone Animals were kuled afterwards at 
intervals up to 3 hr (Wig 2) 

At the times indicated, the experimental animals 
were killed by decapitation, and the hvers rapidly 
removed and frozen m a dry 1ce bath A 10 per cent 
homogenate of each hver was prepared with ice-cold 
water, keepmg the homogenizer packed in 1ce This 
mixture was deprotemized by additions of 10 ml of 
5 per cent zinc sulphate and 10 ml of 0 3 N sodium 
hydroxide solution After centrifugation, the pre- 
eipitate was washed twice with 10 ml of cold distilled 
water, and the washings and supernatant solution 
were pooled. The ohgosaccharides were adsorbed 
from this mixture with charcoal, which was then 
washed with copious amounts of distilled water, 
and eluted afterwards with hot ethanol! Total 
glycogen was isolated by Roe’s method’ Glycogen 
and oligosaccharides were hydrolysed with hot 
mineral acid’, and the glucose was estimated by the 
Nelson method’. Tail vem blood was obtamed for 
the determmation of carbon dioxide and glucose’ 
The quantity of carbon dioxide m the blood was 


* Senior research fellow of the U S Publ Health Service, present 
address, Indiana University 

t Eli Tilly fellow, present address, University of St Andrews, 
Dundee, Scotland 


determmed m the Van Slyke apparatus and was 
recovered and counted as barium carbonate Glucose 
was isolated as phenylosazone’, which was recrystal- 
hzed, plated and counted A Robinson flow counter 
was used for the radioisotope assays® 

The following observations are made Animals whose 
liver glycogen had been almost completely depleted 
by fastmg not only possessed a significant amount of 
glucosyl oligosaccharides, but also they exhibited 
about four times the specific radioactivity found m the 
glycogen and contamed virtually all the labelled 
hexose With the stimulation of gluconeogenesis by 
compound F, the specrfic activity of the glucosyl oligo- 
saccharides dimimished, while that of glycogen 
increased at the 4 hr mterval In Fig 2, where 1t is 
possible to follow all the events as a function of time 
after compound F and carbon-14 dioxide admmustra- 
tion at the trmes indicated, 15 required about I hr for 
the carbohydrates to meorporate the maximum level 
of carbon-14 In the early part of this process 
(between 3 25-3 b hr after compound F) the glucosyl 
obgosaecharides became more richly labelled than 
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Fig 1 Carbon-14 labelling of liver glucosyl oligosaccharides and 

glycogen ın relation to the adnunistration of compound F Note 

that the animals were killed in each instance 1 hr after the 

injection of carbon-14 dioxide The numbers of rats employed for 

each time interval were, diri ~1 to 0, 2, 0 to 4, 4, 
o 6, 
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~ Fig 2 — Carbon-14 turnover in liver glucosyl oligosaccharides, 
glycogen and blood carbon dioxide in relation to compound F 
administration ‘The number of animals used was two at each 
fime interval except for the 4-hr column (4 rats) ~The relative 
specific activity of blood carbon dioxide was computed on the 
assumption that carbon-14 dioxide was incorporated into only 
carbons 3 and 4 of glucose The observed c p m /mole of barum 
carbonate have been divided by three, and the same plot (descend- 
ing curve) appears for both glucosyl oligosaccharides and glycogen 


the glycogen by a factor of 3 and for another 2 hr 
stil remained more radioactive per milligram of 
polysaccharide glucose This situation is reflected in 
the curves relatmg total counts per liver of each 
carbohydrate category agamst a background of rapid 
carbon-14 dioxide disappearance from the blood 
After 3 5 br the glucosyl oligosaccharides exhibited 
& constant number of counts per gm of liver, whereas 
those for glycogen contmued to rise to the end of the 
period investigated (6 hr) However, for this m- 
terval, specific activity of glycogen paralleled that 
for the glucosyl oligosaccharides In general, carbon 
dioxide fixation matched carbohydrate synthesis 
followmg the mjection of hydrocortisone 
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The mterpretation which appears best to fit the 
above facts ıs the following Pyruvate and lactate 
{smee these fix carbon dioxide durmg their conversion 
to glycogen) are probably the major protem-suppled 
precursors of glucosyl radicals ın fasted rats treated 
with hydrocortisone These glucosyl radicals are first 
linked into individual members of a homologous 
family of glucosyl oligosaccharides (maltose, malto- 
triose, maltotetraose, etc) which is ‘turnmg over’ 
rapidly Under the proper physiological stimulus 
(glucose feeding, compound J) these ohgosaecharides 
are assembled mto macro-molecules of glycogen 

In our previous work, first consideration was given 
to isolatmg, identifying, characterizing and determ- 
ining quantitatively liver glucosyl oligosaccharides”, 
and the next concern was to rule out the possibility of 
artefact due to the operation of extraneous factors of 
either à biochemical or physical nature” Our atten- 
tion was directed recently to the question of the origm 
of glucosyl oligosaccharides and ther possible sig- 
nificance m the metabolism of hver glycogen The 
mpheation of previous experiments! (starvation, 
glucose feeding, msulin administration) and the work 
of others" with rat diaphragm was that glucosyl 
ohgosaccharides (no matter what them ongin) may 
enter somewhere into the mechanism of glycogen 
synthesis The present results supply direct evidence 
m support of this suggestion 

This work was supported m part by grants-in-aid 
(P-106) from the American Cancer Society, Ino., New 
York, (860.02) from the Massachusetts Division of 
the American Cancer Society, Boston, Mass, and 
(0-3213) from the National Cancer Institute, National 
Institutes of Health, Bethesda, Md 
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RELEASE OF NUCLEOTIDES FROM YEAST CELLS 
By MASATAKA HIGUCHI and Pror TEIJIRO UEMURA 


Laboratory of Microbiology, Department of Agriculture, Tohoku University, 
Sendai, Japan 


T is well known that when Lactobacidlh are cultured 

m association with yeast, the former organisms 
are able to proliferate m a simple medium contaimng 
no growth factors specifie for them The resultmg 
growth of Lactobacilli 1s mamly dependent on vita- 
mins, purme and pyrimidine bases secreted by the 
yeast cells mto the medium!? The present com- 
munication contains a description of the ultra-violet- 
absorbing materials released from the yeast cells and 
the conditions influencing their release 

Beer yeast (Saccharomyces cerevisiae, Yebis) sub- 
cultured for 72 hr at 30°C m a synthetic medium 


was incubated for 5 hr at 30? C im the same medium 
contamung phosphate-"P After harvesting and wash- 
ing three times with distilled water, the labelled cells 
(dry weight, 1,760 mgm ) were suspended in 400 ml 
of 0 08 M sodium orate buffer (pH 6 0) with 2 per 
cent glucose added, and meubated for 3hr at 30° C 
The supernatants after mcubation had an ultra-violet 
absorption specirum with a maximum at 258 my 
and a minimum at 235 or 240 mu 

The ultra-violet-absorbmg materials released from 
the cells were almost completely adsorbed by a 
charcoal column pretreated with 8 per cent «sooctanol 
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approximately to the decrease of 
cellular ribonucleic acid Moreover, 
tke quantity of nucleotide released 
was greater than that m the 
pool (fraction soluble m cold acid) 
which decreased during mcubation 
As shown in Table 1, distilled 
water, sodium chloride and potas- 
sium chloride solutions and a 
synthetic growth medium did not 
cause a release of nucleotides when 
used as the meubation medium, 
acetate or sucomate buffers had 
a slight effect and phosphate or 
citrate buffers rather more effect 
This stimulation of citrate or 
phosphate might be well attributed 
to thew chelating action, since 
ethylene-diamine tetraacetic acid, 
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a notable chelating agent, markedly 
accelerated the nucleotide release, 
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Fig 1 Separation of the nucleotides released from yeast cells labelled with phosphorus-32 
during their incubation 1n citrate buffer Column, ‘Dowex-2’ (chloride), 200—400 mesh, 
elution, the initial mixer content was 500 ml water, and the 
reservoir content was 500 ml of 0 5 M sodium chloride, then 500 ml of 2 0 M sodium 
chloride solution Hach effluent was collected in 4 7 ml portions with a fraction collector 
Sorbed materials, the ultra-violet-absorbing materials prepared as described in text 
, Optical density at 260 mu, ——-—, radioactivity (c p m jml), — - —, sodium 
ehloride concentration in the effluents CMP, Cytidine monophosphate, UMP, midine 
monophosphate, AMP, adenosine monophosphate, GMP, guanosine monophosphate 


12 em x 0 785 em’, 





More than 80 per cent of the adsorbed material was 
eluted with 03 per cent ammonia—50 per cent 
ethanol solution The eluate from the charcoal was 
neutrahzed with ‘Dowex 50° (acid type) resm, and 
then passed through ‘Dowex 2° (chloride type) resin 
The adsorption in this step was more than 90 per cent 
The column was washed with water, and the ad- 
sorbed material was separated with a sodium chloride 
solution by the gradient elution technique? The 
optical density at 260 my and 280 my and the radio- 
activity of each effluent were measured 

The results for six fractions are shown m Fig 1 
The positions, but not the heights, of optical density 
peaks agree well with those of radioactivity The 
initial fractions (eluted with less than 0 3 M sodium 
chloride solutions) were iechromatographed on 
‘Dowex 1’ (formate type) and then on paper, the 
monophosphates of cytidme, uridme, adenosme and 
guanosme were identified in this way The ohgo- 
nucleotide fractions (eluted with 0 3-1 5 M sodium 
chloride) followed the mononucleotides The recovery 
using sodium chloride solution, even up to 4 0 M, 
was only about 60 per cent of the calculated amount 
of adsorbed material However, when a mixture of 
4 0 M sodium chloride and 1 0 M sodium hydroxide 
solutions was used as eluant, the residual material 
was almost completely separated from the column 
This alkali-eluted fraction, the final eluate, contamed 
four mononucleotides, which would presumably be 
derived from polynucleotides hydrolysed by alkah 
durmg the elution Details of this chromatogram 
wil be published elsewhere 

Oligo- and poly-nucleotides formed more than 
60 per cent of the total nucleotides released, and the 
ratio of purme bases to pyrmidme ones ın the mono- 
nucleotide fractions was 2 5, though it was 1 2 over- 
all These ratios depended on the experimental 
conditions Most of the nucleotides released were 
probably fragments of the cellular ribonucleic acid, 
“smece scarcely any 5'-nucleotides were m any fraction, 
and amounts of the nucleotides released corresponded 


and the addition of M/100 magne- 
suum sulphate to M [50 citrate buffer 
resulted m a 50 per cent reduction 
of the release 

Inhibition of the release in. citrate 
buffer was not observable in the 
presence of either ordinary aniü- 
b:otaes (pemedlm, 20 ugm jml, 
staeptomycm, 300 ugm jml , and 
chloramphenicol, 20 gm /ml) or of metabohe 
inhibitors (sodium azide, 10-7 M, Na HAsO, 
2x 102, and 2,4-dimtrophenol, 5 x 107* M), 
except monoiodo-acetic acid which produced a 
shght drop at 10° M The pH optimum for the 
release m citrate or phosphate buffer was 6 0-7 0 
and an acid pH suppressed the release Several treat- 
ments which disrupt the permeability barrier of 
yeast cells, for example, freezing and thawing, treat- 
ment with organic solvents, and short-time sonication 
of the cells, strmulated the release considerably After 
such tieatment an enhanomg effect of citrate was 
also discermble However, ıt ıs possible that the 
materials released in these conditions are not the 
same as the nucleotides released by the mtact cells, 
since the supernatant of the citrate buffer moeubated 
with sonicated or frozen and thawed cells showed 
an imereased absorption at 230-250 my, which dis- 
appeared on acidification with perchloric acid 

Recently, a similar phenomenon has been reported 
by Holden‘ for Lactobacila His results, and ours", 


Table 1 RFECT OF INCUBATION MEDIUM ON THE RELEASE OF 


NUCLEOTIDES FROM THE YEAST CELLS 
All results are expressed 1n terms of 100 mgm (dry weight) of the cells 
Released nucleotide- 


Incubation medium phosphorus (ugm ) 
Distilled water 46 5 
0 08 M sodium ehlonde solution 33 0 
0 08 M potassium chloride solution 345 
0 08 M sodium acetate buffer (pH 5 0) 650 
008 M sodium succinate buffer (pH. 5 0) 62 0 
0 08 M sodium phosphate buffer (pH 6 0) 80 5 
0 08 M sodium extrate buffer (pH 5 0) 116 0 
M/100 Bthylenediamine tetraacetate (pH 4 2) 

solution 68 0 
M/100 Ethylenediamine tetraacetate (pH 5 0) 

solation 102 0 
Synthetic growth medium 450 


Beer yeast cultured ın a synthetic medium for 72 hr at 30* 0 was 
ineubated ın 10 m] of medium contaring 2 per cent glucose for 3 hr 
at 30°C The released nucleotide-phosphorus was determined as 
follows The extinctions in the supernatant of the incubated media 
were measured at 240, 260 (Esso) and 280 my respectively, with a 
Beckman DU spectrophotometer, and the Es due to the released 
nucleotides was obtained by subtracting the blank (the medium free 
from cells) from the Ess, of the supernatant Thus, the nucleotide- 
phosphorus could be calculated according to Ogur and Rosen (ref 12) 


October 31, 1959 


strongly suggest that citrate has a chelatmg effect 
which affects the release of nucleotides from the 
mucrobial cells 

On the basis of these results, 16 might be suggested 
that the presence of citrate or other chelating sub- 
stances m & medium may remove caleium or mag- 
nesium ions from the cell surface, leading to de- 
struction of ribonucleic acid and present m ib, and 
thus to a release of nucleotide fragments Several 
facts support this For example, pancreatic ribo- 
nuclease 1s mhıbıted by the addition of magnesium 
or ealerum ions‘, and a ribonucleie acid-rich fraction 
obtamed from the cells of Æ col contains more 
magnestum than other fractions? Further, mbo- 
nucleoprotem has apparent^* or latent? ribo- 
nuclease activity 

On the other hand, ıt has often been observed 
that the degradation of mbonucleic acid and the 
release of ribonucleate from yeast cells takes place 
by autolysis’i1 The release of nucleotides under 
our expermmental conditions may also be connected 
with cell autolysis However, ıt seems reasonable 
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to distinguish between the two, since the release in 
our case did not result in the death of the cells or 
even in degradation of the cell protem In contrast, 
a considerable release of ammo-acids occurred only 
when the yeast cells were mcubated m the acetate 
buffer, which accelerated release of nucleotide only 
slightly 
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NEW ANTIMETABOLITES OF VITAMIN Biz 


By G. M. TIMMIS and Dr S S EPSTEIN 


Chester Beatty Research Institute, Fulham Road, London, $ W 3, and 
The Hospital for Sick Children, Great Ormond Street, London, WC I 


UR interest m the role of vitamm B,, m cancer 
was first stimulated by the claims of Bodian!, 
that prolonged regression of neuroblastoma m infancy 
was effected by massive dosage of the vitamin It 
was therefore thought that the therapeutic effect 
claimed might be related to an imbalance m B,, 
metabolism caused by excess of the vitamm, and 
that such an effect might possibly be better produced 
by the administration of a B,, antumetabolite? 
Hitherto, the only known B,, antimetabolites have 
been those described by Lester Smith’, which were 
derived from the structure of B,, by very munor 
modifications, and also those which are relatively 
simple derivatives of the benzumidazole molecule ë 
The relation between tumour mhibition and ant1-B,, 
action 1$ shown in a member of the latter group by 
the effect of 2-ethyl-2,3-naphthimidazole-4,9-dione 
(I), which mduced partial regression of a mouse 
mammary adenocaremoma* and was also a competi- 


tive antagonist of vitamm B,, m an E col 
routant! 
o 
| N 
4 N 
|| œs 
Y í P 
O 
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We have explored a fairly wide variety of chemical 
types, chosen for their possible relation to B,, meta- 
bohsm, for an antimetabolite action m a miero- 
biological system Our particular test organism was 
E grachs var z—a highly sensitive B,,-dependent 
flagellated green alga The basal growth medium 


and techniques of incubation were based on those 
described by Hutner et af? 

A series of approximately a hundred compounds 
was screened for mhibitory activity at 500 ugm [ml 
levels, at low concentrations of vitamm B,, Com- 
pounds produemg more than 50 per cent mhibition 
of growth, as assessed m a colorimeter (measurmg 
both turbidity and colour), were afterwards re-tested 
m definitive assays An orthogonally designed test 
system was used, with varying concentrations of 
antagonist up to 500 ugm /ml im the presence of 
0, 10, 100 and 1,000 uugm B,,/ml The growth 
response im these tests was measured by a 
pigment extraction technique usmg an acetone- 
ethyl acetate solvent system due to Epstem and 
Weiss? 

Results are expressed ın terms of concentration of 
antagonist required. to produce 50 per cent mhibition 
of growth at 10,100 and 1,000 pugm B,,/ml respect- 
ively The values given are only approximate As 
can be seen from Table 1, seven out of the fifteen 
compounds so far found active on screening produced 
a competitive B,, antagonism 

We thank that the discovery of an antimetabolite 
action im the pteridme and nicotinamide structures 
18 interesting because, unlike the benzimmidazoles or 
purmes, they are not analogous m. structure to any 
moiety of the B,, molecule These observations 
indicate that there may be a variety of enzymes or 
co-factors closely concerned with the utilization of 
B,, and that each one may be structurally specific 
for a particular inhibitor Thus, the pteridmes might 
compete with a pteridme type co-factor or metabolite 
for a particular enzyme, and the micotmamude de- 
rivatives might interfere with some function of 
diphosphopyridme nucleotide (cf Tummis*) 
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Results in the case of compounds producing competitive antagonism are given in italics 


Structures of compounds tested, (a), (b) , are on the ght 





Concentration 

antagonist (agm j 
ml) required. to 
produce 50 per 







Structural Formula cent 1nhibition of 
type growth 
By (ugm [ml ) 
10 100 1,000 











(a) Benz- 


4-nitro-6-chlorobenzimidazole | 110 88 78 
imidazoles H, R 


(R= NO, R = = 


Cl, Rt = 
6,6-dichlorobenzimidazole 106 90 94 
(R= R= H, R= R= 





ch 
4,5,6-trichlorobenzimudazole 70 65 63 
(n = R? = R? = Cl, Rt = 


4,5,6-trichlorobenzimidazole 
riboside 70 160 230 
(R! = R = R = Cl, Río = 
ribosyl) 





(b) Diaza-benz-| 5-bromo-2,7-diazabenz- 
imudazole imidazole 190 178 173 


(c) Purines Purine 188 173 138 
and aza- (R = R = H, X = OH) 
purmes Purme riboside 58 62 60 

(R! = H, R = ribosyl, Y = 

CH) 

6-mereaptopurine 200 2500 2500 

(R = SH, R^ = H, X = CH) 

9-furfuryl-8-aza adenine 450 2500 500 

R = ND R? = furfuryl, 


2, diethylamrno-6-p-dimethyl- 
aminophenylethyl purine 160 >500 500 
(R? =(CH,).0,HN(CHs)s(p)) 
















(d) Pyrimidine | 5-fiuorouracil 78 55 64 





(e) Pteridimmes | 4-mercaptopteridine 95 380 332 
(R = SH, R° = H) 


2-amino-4-p-diethylamino- 


styrylpteridine 738 2600 6500 
(Ri = (CH), C.H; N(C.Hs)a 
(p), R? = NH.) 

4-dimethylamunopteridine 400 2500 500 


(R! = N(CH4),, R? = H) 


N-2-chloroethyl-8-naphthyl- 
aminoethyl-8-carbamoyl- 
pyridinium chloride 200 430 416 





(f) Nicotin- 
amide de- 
rivative 














There are interesting differences between the 
results obtained in our mucrobiological system and 
m the E coh mutant used by McNair Scott et al 5 , 
for example, 6-chloro-4 nitrobenzimidazole was not 
a competitive antagonist in our hands, ın contrast 
to 4,5,6-trichlorobenzimuidazole riboside On the 
other hand, McNair Scott et al® found these com- 
pounds to be competitive and non-competitive 
antagonists respectively 

Tt ıs generally held that 6-mercaptopurme, one of 
the most effective drugs for the treatment of acute 
leukemia, mhibits growth by mterfermg with nucleic 
acid and protem synthesis. Its action m. this disease, 
however, has not with any certamty been related to 
an antipurme effect Smee we have found that this 
drug is a competitive B,, antagonist (Table 1), we 
would like to direct attention to the possibility that 
anti-B,, effect might be mvolved in the action of 
6-mereaptopuinme This speculative suggestion could 
be supported by the view of Osgood" that the bone 
marrow m untreated pernicious anzemia shows several 
features m common with that in acute leukema 
If the two diseases are accordingly related, acute 
leukemia may, like pernicious anemia, be dependent 
on some derangement of B,, metabolism, each in 
its own way 

Forrest e£ al | have very recently isolated a simple 
pteridine from the bodies of blue-green algae It 
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is shown above that a number of pteridines] of 
comparable sımplıcıty are vitamm B,, antumetabolites 
m the B,,-dependent system Huglena gracis On 
reading our manuscript, Dr G E Fogg suggested 
that the apparent mability of blue-green algae and 
Euglendae to co-exist m Nature, a hitherto unex- 
plamed phenomenon, may be due to an antagonism 
between the blue-green algae pteridme and the 
vitamin B,, of B,,-requring Huglena We are now 
investigatmg this hypothesis 

A full report of this work will shortly be submitted 
to the British Journal of Pharmacology and Chemo- 
therapy 

The investigation has been supported by grants 
from the British Empire Cancer Campaign, the Jane 
Coffin Childs Memorial Fund for Medical Research, 
the Anna Fuller Fund and the National Cancer 
Institute of the National Institutes of Health, US 
Pubhe Health Service 

We thank Dr G B Brown and Dr K Folkers 
for gifts of purme riboside and 4,5,6-trichloro- 
benzimidazole riboside respectively 


s Bodian, M , Pediatr Oln N Amer , 6, 449 (1959) 
O58) G M, 36th Ann Rep Brit Emp Cancer Campaign, 87 


? Smith, E Lester, Nature, 181, 307 (1958) 


t Rogers, M L , and McNair Scott, D B , Abstr Amer Chem Soc, 
meeting Miami, p 28, 290 (1957) 


ë McNair Scott, D B , Rogers, M L,and Ross, C ,J Amer Chem 
Soc , 80, 2165 (1958) 


€ McKenzie, D , Stevens, M L, and Jones, R , Proc Amer Assoc 
Cancer Res , 2, 132 (1956) 


*Hutner, S H , Bach, M. K , and Ross, G I M,J Protozool , 9. 
101 (1956) 


e Epstein, 8 8 , and Weiss, J B, Bwchem J (in the presa) 


eee) G M, 36th Ann Rep Brit Emp Cancer Campaign, 11 


10 Osgood, E E,J Nat Cancer Inst , 18, 161 (1957) 


= Forrest, H S, Van Baalen, C, and Myers, J, Arch Biochem 
Buophys , 78, 95 (1958) 


October 31, 1959 


No 4696 


NATURE 


1385 


LOW-TEMPERATURE AUTORADIOGRAPHY FOR THE DETECTION OF 
TRITIUM IN TISSUE, WITH REMOVAL OF LUMINESCENCE 
INDUCED BY TRITIUM 


By P PELLERIN, P FALLOT, M LAINE-BOSZORMENYI* and F SERREL 


Service de Biologie du Commissariat à l'Energie Atomique, B P2 Gif sur Yvette (S et O), France 


UMEROUS studies have shown mequalties m 

the distribution of labelled water in the different 
organs and various compartments contaming hquid 
m the normal animal}? durmg the pre-equilbrium 
period 

It seemed of interest to mvestigate by means of 
photographie recordings the lanetios of this dis- 
tribution, working on animals (young rats) killed at 
fixed intervals of time For that purpose we used the 
low-temperature autoradiographic technique?4, the 
only method which, because of the rapid freezing of 
the animal, elymmates post-mortem diffusion of the 
water while at the samo time guaranteemg the 
absence of known pseudo-radiographic effects 

We wished first to obtam an image of homogeneous 
diffusion m the whole of the organism, under con- 
ditions close to equilibrium, and this formed the 
object of the present work 

The photographie recordmgs obtamed by this 
technique, applied to young rats after administration 
of 20 me of taitiated water, gave unexpected results 
(Fig la) They show no blackening corresponding 
to lungs, liver, spleen, muscle On the other hand, 
a shght darkemng shows up m the region of the 
intestinal walls and the subcutaneous tissue, and a 
very intense blackening at the sites of the eye, the 
bram, the preformed teeth, the stomach, the bladder 
and the intervertebral disks 

Smce these results disagreed with the known dis- 
tribution of water m mammals, we removed organs 
from young rats treated m the 
same way except that the dose 
injected was between 0 4 and 
15 me of tritiated water (ATO) 
m a volume of 0 1-0 2 ml of 
sahne The radioactivity of the 
water obtamed by distillation of 
the organs was measured by 
liquid semtaillation** 

It ıs shown m Table 1 that the 
specific radioactivity of the water 
(mpe /mgm ) 18 of the same order 
for the blood and for organs such 
as the brain, the liver and spleen, 
the kidneys and the intestines 
On the other hand, the milk in 
the stomach has not yet reached 
the isotopic concentration of 
HTO m the other organs The 
specific radioactivity of the water 
m the total eye, the crystalline 
Jens and the ocular residue after 
elimination of the crystallme lens 
is more or less identical with 
that of the blood We have also 
noted that for the eye the 
radioactivity was entirely due 


* Attachée de Recherche à l'Institut 
National d'Hygiene 


Emu .—— —— 


Block == 


(d) 21 days at —195° C 
Tig 1 Two-day-old rat Subcutaneous dorsal injection of 20 mc deuterium oxide 20 min 


Table 1 SPECIFIC RADIOACTIVITY OF WATER IN THE ORGANS OF 

YOTNG RATS WEIGHING 14-20 GM , AGED 6-14 DAYS, 10 MIN AFTER 

SUBCUTANEOUS OR INTRAPERITONEAL INTECTION OF 0 1-0 2 ML OF 

SALINE CONTAINING 04-15 mc TRITIATED WATER, STANDARD 
DEVIATION + 2 PER CENT 














— 
! Millimieroeuries of HTO per mgm water 
Organ I 
Rat 21 | Rat23 | Rat 15 | Rat 19 | Rat 20 
Blood — 44 88 80 80 
Brain 44 48 90 92 75 
Liver, spleen 45 — — 88 90 
Liver, spleen, 
kidneys — 46 85 — E 
Bowel, small and 
large, with 
contents 48 45 80 92 91 
Stomach contain- 
ing milk — — 41 37 46 
leye* 40 36 — 88 — 
1 crystalline .ens* 46 — — 85 40 
1eye without 
crystalline lens* 42 — — 90 — 














* The water content is calculated on the basis of 70 per cent of 
water for the crystalline lens and 80 per cent for the rest of the eyeball 


to the water, and that no measurable tritium was 
mcorporated m the dry residue 

In view of the disagreements found between the 
photographie recordmgs and direct measurements, 
we have looked into the mechanism of autoradio- 
graphy itself m an attempt to find the cause of these 
paradoxical mages , this has led to the discovery of 
8 phenomenon. of luminescence produced at low tem- 
perature under the mfluence of the very soft tritium 
beta-rays, actually within certain tissues of the 
organisms studied 





(a) 20 min at —195° © No filter 





(c) 20 min at —50°C With glass filter 





With opaque sereen 


after injection 
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This 1s demonstrated by the following series of 
experiments (Fig 1) carried out on rats 48-hr old, 
kuled 20 min after dorsal-subcutaneous myection of 
20 me of tritiated water 

(1) (See Fig la) The machmed block at —195° C 
18 applied directly agamst the emulsion The exposure 
lasts 20 mn at liquid-nitrogen temperature In this 
way the paradoxical umage described above 1s obtained 

(2) (See Fig 16) Exposure of the same block at 
the same temperature for an equal period, but with 
a l-mm thick sheet of glass mterposed, gives an 
image identical with the preceding one Since, how- 
ever, the maximum energy of tritium beta-particles 
(18 keV ) 1s not great enough to allow their passage 
through this thickness of glass, the mage obtained 1s 
not due to a direct action of tritrum radiation on the 
emulsion and can. only result from a lumimescence 

(3) (See Fig 1e) On repeating experiment b at a 
temperature of —50° C., a general decrease 1n blacken- 
mg 1s noted, although the distribution 1s not altered 

(4) (Fig Id) Finally, exposure for 21 days at 
—195? C with a screen of opaque carbon paper mter- 
posed between the block and the emulsion gives a 
true autoradiographic recoding on which quite 
a homogeneous distribution of blackenmg 1s 
observed 

From this limited study, some characteristics of 
this lummescence produced by the local absorption 
of tritium beta-radiation by certam tissues can be 
formulated It becomes more mtense as the tem- 
perature is lowered For a uniform distribution of 
tritiated water m the organism, the intensity of this 
fluorescence varies greatly according to the nature 
of the tissue 

For the exposure time used, the threshold of 
blackening detectable on the emulsion for üritium 
beta-radiation is not reached at any pomt of the 
recording, while the phenomenon of lummescence 
reaches saturation m the region of the eye, as shown 
m Fig la When a screen opaque to light 1s mter- 
posed (Fig ld) the exposure time to obtam an 
appreciable blackening is 1,600 times longer than in 
the case of exposure without screen (Fig la) It may 
seem surprising that part of the tritam beta-radiation 
(mean path m water, ly) can pass through & thick- 
ness of paper of the order of 50% We believe that 
the explanation may be found m the fibrous structure 
of the paper 

We may assume that the autoradiographic record- 
mgs obtained under the conditions of experrment d 
(with opaque screen) represent exactly the distribu- 
tion of tritium at the surface of the machmed block 

After dorsal subcutaneous injection of tritiated 
water, the autoradiographs show mstantly homo- 
geneous diffusion of the activity, the only exceptions 
bemg the bones, the teeth and the milk contamed m 
the stomach ‘The teeth and the milk, however, form 
exceptionally lummescent zones The region of 
dorsal injection naturally corresponds to a more 
intense blackenmg 

The detailed mechanism of this luminescence 1s 
difficult to interpret and belongs to the field of 
structural physics We do not, in fact, know the 
chemical nature of the lummescent substances 
present m the frozen organs, still less their molecular 
structure at —195° C, or ther behaviour in the 
presence of beta-radiation 

Vahdity of low-temperature autoradiography The 
above statements could lead to some doubt con- 
cerning the value of recordings obtamed by low-tem- 
perature autoradiography with radioelements other 
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than tritium’ We have verified that this 1s not the 
case, m particular with sulphur-35 and calerum-45 
Fig 2a shows the result of autoradiography without 
screen carried out on a young rat, 90 mun after 
dorsa] subcutaneous injection of 30 uc of calemm-46 
chloride, with a 17-hr exposure In Fig 2b the 
interposition of a glass screen eliminates all recording 
for this exposure period (except for the left fore part of 
the head which was not covered by the glass sheet) , 
the lummescence effect, therefore, does not appear 
under these conditions for calerum-45 radiation 

The recording m Fig 2c and d, carried out after 
interposition of a carbon paper screen and of an 
alummuium sereen 0 2mm thick, respectively, can be 
strictly superimposed on the direct autoradiograph 
a, with the drfferonce only of general blackening, 
which 1s shghtly decreased by the screens used for 
c and d 

In tests carried out under the same conditions of 
metabolism and exposure after myjection of 50 uc of 
sulphur-35, by direct contact and with mterposition 
of a carbon paper screen, an absence of lummescence 
was again observed 

We conclude that the lumimescence effect of tissues 
at very low temperature is only detectable for 
extremely soft radiations such as that of tritium. It 
18 advisable, however, m applyimg autoradiography 
at very low temperature to other radio elements, to 
verify that the mterposition of an opaque filter does 
not modify the mages obtamed by direct contact 
between the block and the emulsion 
1 Edelman, I 8, Amer J Phynol , 171, 279 (1952) 
? Pinson, E A , Physeol Re» , 32, 123 (1952) 
*Pellrin,P , OR Acad Ser , Paris, 244, 1555 (1957) 
* Pellerin, P , Proc First Unesco Int Conf Paris, 8, 684 (1957) 
* Hayes, F N , and Gowd, E G , Science, 117, 480 (1953) 


* Laine-Boszormenyi, M., and Fallot, P, Int J App Radwvsotopes 
Gn the press) 
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A ZOOLOGICAL SURVEY OF MADAGASCAR 
By Dk RENAUD PAULIAN 


Directeur-adjoint de l'Institut Scientifique de Madagascar 


HE survey of tropical faunas has, for nearly two 
centuries, been largely lum:ted to the haphazard 

methods of the general collector or to the painstaking 
but lmnrted efforts of individual specialists The 
results, as could be predicted, were of very doubtful 
value when either ecological or biogeographical pro- 
jects were considered However, they were extra- 
ordinanly successful m so far as they brought to 
hight a very large number of new forms and built up 
our present knowledge of taxonomy It unfortunately 
proved impossible to compare, with any accuracy, 
the faunas of two neighbouring areas for any scientific 
purpose This did not prevent ambitious workers 
from building biogeographical or ecological systems on 
a very large scale Yet to the man working ın the field 
these systems seemed always rather unsafe, even though 
they called m all the resources of the geological and 
statistical methodsand very strict logical consti uctions 

As a tropical country, Madagascar had for some 
time the very rare distinction that a series of mono- 
graphs m the Hestowe Physique, naturelle et politique 
de Madagascar had been published by the combmed 
efforts of A and G Grandidier It could thus com- 
pare with Central America, Seychelles, Hawan or 
British India But even these monographs, mamly 
published durmg the second half of last century, 
are now considered out of date 

In the years followmg the Second World War, 
research work on tropical faunas has started on com- 
pletely revolutionary hnes New research mstitutions 
and groups are either working permanently m tropical 
areas or covermg these m terms of long-range work 
They are thus enabled to collect mtensively the 
whole year round, using breedmg methods and many 
new colleetang systems Such teams are at work in 
the Belgian Congo, Micronesia, Melanesia, ete 

The Zoological Survey started m Madagascar in 
1947 and is still at work It would seem from pub- 
lished results! that 1t has been particularly successful 
It 1s centred on the Zoology Department of the 
Institut Scientifique de Madagascar, an institution 
covering pure and apphed research m most fields of 
human, anımal and plant biology and in soul science, 
hydrology and geography Tho Institute rtself belongs 
to a chain of tropical mstrtutes created after 1946 
by the French Office de la Recherche Scientifique et 
Technique Outre-Mer m what was then the French 
Union and is now the French Community 

It may be of interest, considering the variety of 
results obtamed in the short period 1947—59, to give 
some details on the practical organization of the 
Survey before describing the changes wrought m our 
knowledge of tho local fauna 

Considering that only limited means could be 
brought to bear on the problem of such a survey, 
the following prinerples have been applied 

(a) The formation of a mobile team with one or 
two European scientists, a number (3-6) of native 
assistants, a ‘Landrover’, and all the basic collecting 
equipment ‘This team has the use of a small perm- 
anent workshop im the centre at Tananazive for the 
building of new gadgets, and the constant upkeep 
of the material used 


(b) A central office, with one to three European 
scientists and three or four native assistants, which 
receives the collections, prints the labels, mounts and 
sorts the material and makes a prelhmmary study 
of all collections More breeding work 1s carried on in 
the insectarrum of the Central Office 

(c) A very large team of honorary research workers, 
specialists of mternational reputation, fiom practically 
every country of the world They have agreed to 
work out collections made in Madagascar from then 
special groups They are responsible for describmg 
any new or remarkable forms and preparing revisions 
of such famuihes, tribes or genera which may be con- 
sidered as fairly well known More than a hundred 
speciahsts have been enlisted m this way 

(d) A practical organization enlisting the co-opera- 
tion of well-known foreign specialists, giving them 
all possible help and practical local guidance, helpmg 
them with the necessary campmg and collectmg 
outfit, ete This orgamzation ean help specialists 
who come to Madagascar on ther own, arrange for 
jomt expeditions, or even finance complete expedi- 
tions, to which they are nvited In this way, durmg 
the past ten years, no less than thirty-three zoologists 
have taken part m the survey and some of them 
have spent more than a year m Madagascar or have 
come several times The ‘geographical distribution’ 
of these specialists 1s worth noting two Maurrtians, 
five South Africans, one Rhodenan, two Hast Africans, 
three Swiss, three Austrians, three Italians, one 
German, eight Americans, one Australian and five 
French In all cases the material collected or the 
observations made are embodied m the general 
publications of the Institute 

(e) Means for regular and so far as possible prompt 
publication of results These have been obtamed by 
the channel of two new scientific periodicals papers 
on the local fauna make up the whole of the 
Memowes de Vinstitut Scientifique de Madagascar, 
Series A (zoology) and E (entomology), and are the 
maim topic m the Naturalste malgache Whenever 
a group seemed sufficiently well known, a revision 
is published im the series "Faune de Madagascar", 
on the plan of the well-known “Faune de France” 
Apart from the nine published volumes of this series, 
three other volumes are ready to be prmted and 
half a dozen others (covering such groups as birds, 
Acridoidea, Vespidae, Tingidae) are bemg actively 
prepared 

It was planned at the start to lmut the survey 
to Madagascar proper However, 1t was soon found 
necessary to cover the msular environment, the 
Mascarenes, the Comoros and the small atolls or coral 
reefs (Tromelin, Europa, Glorioso) Although the 
knowledge we may gam of their fauna 18 completely 
independent of Madagascar proper, 1t 1s a great help to- 
wards an understanding of the malagasy fauna itself 

It 1s still too early to give a complete analysis of 
the results of the Survey More than a million 
specrmens have been collected, covermg the whole 
anımal kmgdom from protozoa to mammals, and a 
very large part of this material is stil undergomg 
systematic study 
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From the purely taxonomical side more than 2 500 
new forms (subfamihes, tribes, genera and species) 
have been deseribed Many orders have been dis- 
covered on Madagasear proper (for example, fresh- 
water Coelenterata, Porifera, Bryozoa, ın Insecta 


Zoraptera, Plecoptera, Dyploura, Protoura, m 
Chelicerata Palpigrada, Uropyga, Amblypyga, m 
Crustacea) Syncarida) and many more groups No 


animal group has remamed untouched, and often the 
known number of forms has risen by as much as 
500 per cent 

The very great variety of new forms found m the 
island has completely changed its aspect and helped 
to build an entirely new system of biogeographical 
relations 

The Survey has opened up a number of new biota 
many new groups of cave-dwelling forms have been 
detected, such as scorpions and Homoptera, that 
were not known previously from this habitat, a very 
large and highly specialized blind soil-fauna, probably 
one of the richest 1n the world , a series of crustaceans 
and worms inhabitmg interstitial] waters, both salt 
and fresh, an original mtertidal fauna of land 
arthropods, a rich fauna livmg m the water found in 
leaf axils of palms, Musaceae, Aroideae and m bam- 
boos ‘This last fauna is exceptionally large and its 
members range from frogs to insects and crustaceans , 
mosquitoes play a very mportant part, with high 
speciation and remarkable morphological adaptations 

Less ongmal, but quite as important results have 
been obtamed by the systematic breedmg of parasites 
(ehaleidoids, taehinids, ete ) and of leaf-mmimg and 
gall-makmg msects These researches have brought 
to hght new biological facts for known groups, such for 
example as the existence of leaf-mining drosophilids 

Ín the extreme north of Madagascar, where recent 
voleanoes with ram forest co-exist with deciduous 
forest on limestone, sandstone or lateritae soils, a com- 
parative study of the fauna has been most rewarding 
Not only does ıt give many remarkable new forms 
but also helps m the understanding of factors under- 
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lying speciation, which 18 one of the most remarkable 
facts m the local fauna 

Some facts have been established on a firm basis 
and allow for biological discussion For example, 
the remarkably actrve speciation referred to, with a 
Ingh number of sympatric species, the numerous 
missing elements in the fauna as compared with 
contmental Africa or the Indian subcontinent, the 
place and significance of the austral element, the 
wide plasticity of most new imported forms, eto 
A number of prmerples underlymg the buildmg up 
of the fauna on small isolated islands have also been 
found All these have shown that Madagascar was 
one of the most remarkable natural laboratories m 
the world for the study of species formation, adapta- 
tion and evolution A considerable research effort 
should be started along such Imes in the near future 

By necessity, the work until now has been mostly 
taxonomical , ecology has only been considered in so 
fax as 1b opened up new biota, biological research 
has been limited vo breeding work But with the 
progress of the general catalogue of Madagascar’s 
fauna research work on biology, ecology and physio- 
logy will soon be possible If the method used has 
delayed a biological approach to Madagascar, ıb 18 
believed that ıt has ensured a sure and efficient basis 
for such an approach and has saved many efforts 
and many errors due to an msufficient basic know- 
ledge of the local Sauna It has ın this way proved 
time-saving The results of this Survey have shown 
also how completely musleading was the previous 
knowledge of a tropical fauna which one considered 
usually as fairly well known 

Thus 1b 18 quite evident that the Zoological Survey 
will never be finished, just as rb 1s not fimshed in 
Britain. or m France, but ıt may be brought to such 
a stage that, for most practical purposes, 1t can be 
considered as sufficient 
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BIONOMICS OF THE BRUSH-TAILED OPOSSUM TRICHOSURUS 
VULPECULA IN NEW ZEALAND 


By R |. KEAN 


Animal Research Section, New Zealand Forest Service, Wellington 


URING the latter part of the nineteenth 
century five Australian marsupial species were 
established in New Zealand—four wallabies, Protem- 
nodon rufogrisea, P eugenn, P bicolor and Petrogale 
penrcrllata, together with one opossum, T'rwhosurus 
vulpecula 
Of the wallabies, only the first two cause loss to 
agricultural production, and that 1s not yet great 
because these animals occur only m restricted areas , 
but the opossum, which has some claim to being 
considered the most successful exotic mammal, 15 
widespread, with an ecological range extending from 
suburban areas, through farm lands, to all types of 
forest The significance of this animal to agriculture 
has not been thoroughly mvestigated , but 1n timber 
production serious loss has been caused through 
induced malformation of trees, mainly Penus species, 
and ın protection forests destruction of trees has 
been spectacular 


Economic need led to the commencement, in 1953, 
of systematic research on the opossum, and, to a 
lesser extent, on the wallabies 

Measures for control of the opossum will have to 
lean heavily upon a sound understandmg of bionom- 
ics , but, since ecological steps are slow and are not 
well understood by the public, the more efficient use 
of poisons has been investigated, particularly methods 
involving appheation by aircraft 

Some opossum populations m New Zealand main- 
tam balance with little artificial control, in these a 
female first rears an offspring m her third year, the 
kitten bemg ready for mdependent existence when 
the mother ıs 2 years 7 months old A single kitten 
1s reared in each succeeding year until about the tenth 
year The bearmg female exhibits little mterest m 
the small young, but durmg the first two months of 
her kitten’s pouch-free life she shows strong maternal 
attachment, and 18 aggressive towards other opossums 
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Under certam conditions (probably low population 
pressure, firmly established territory, and abundant 
food) some females rear their first young during their 
second year mstead of m the third, and also rear two 
young annually 

The female reproductive system 18 basically similar 
to its eutherian counterpart, both m that the vagina 
remams closed until first required for reproduction, 
and in that 1b is seasonally occluded thereafter The 
divergence from the eutherian hes mamly m the 
extreme heterochrony of development——the retention 
by the adult female of an embryonic tissue, the 
urogenital strand*—and in the relative lack of struc- 
ture of the caudal portion of the vagma Both these 
marsupial characters appear to be simplifications 
permitted by the extreme specialization of the 
embryo, namely, its small size and its faculty for 
active locomotion before birth Semmal ducts, the 
so-called lateral canals, appear to have arisen phylo- 
genetically, as suggested by T H Huxley’, at some 
late prototherian stage of organization The opening 
of the median vagmal canal and the closing of the 
lateral canals durmg late pregnancy, apparently in 
response to hormones, support Huxley’s hypothesis* 

COEstrus 1s marked by desquamation of sem- 
cornified cells from the urogenital smus The cycle, 
measured partly by smears and partly by direct 
observation, has been recorded by the writer as 22 
or sometimes 23 days This 1s less than the 24} day 
average (21-30) of Lynet derived from smears that 
were made daily 

Cortion occurs on the mght following cestrus (if 
cestrus ıs defined as the diel period of restlessness) 
and the single ovum is shed spontaneously approxi- 
mately 24 hr later 

The period of gestation was found to vary, appar- 
ently because of disturbance to the female Two 
pregnancies, timed from observed copulations, were 
completed m. 17 and 18 days , others were lengthened, 
possibly to as long as 40 days when smears were 
taken, but this technique was usually associated with 
fertility One female from which smears were 
taken at two-day intervals was killed 28 days after 
external signs of pregnancy became obvious Copula- 
tion had occurred (ascertamed by means of smear) 
7 days before death The left ovary showed a 
4 5-mm corpus luteum associated with a 4 8-mm 
blastocyst, and the right ovary an 1nvoluted 2 6-mm. 
corpus luteum associated with a 3 4-mm blastocyst 
In this case, superfoetation appeared to have occurred 
in the course of a prolonged gestation 

Norther post-partum. cestrus nor delayed mmplanta- 
tion, as found by Sharman‘ in the wallaby Seton, 
and almost certamly by Bowley* m the primitive 
phalanger Cercartetus, occurs m T'richosurus Sharman 
found that strmulation of the pouch by a contamed 
young inhibited development of the post-partum 
blastocyst, but the present work on Trichosurus 
suggests that generalized stress applied to a female 
m early pregnancy resembles, in its effect upon 
the blastocyst, the maternal response to pouch 
young 

Sperm have been found in the urogenital smear 
only from the third to fifth day post-cortus This 
result appears to be due to aspermous semunal fluid 
of the final ejaculation which, withm about one 
minute, sets to form firm white copulatory plugs that 
completely fill the Jumma of tho lateral canals The 
plugs are later absorbed ım situ Muscular occlusion 
and epithelial proliferation agam seal the caudal 
ends of the lateral canals during early pregnancy 
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Male fertility, contrary to the findings of Bolhger? 
on captive opossums, shows endogenous fluctuations 
which may be cycle Tho meidence of sperm is 
lowest durmg summer, when probably most males 
are aspermous for an overlappmg two-month period, 
but, m addition to this, some males in all age classes 
are aspermous ın each month of the year Regression 
of testis and urethral bulb occur, but these are not 
completely synchronous with the fluctuations of the 
cauda epididymis and its sperm 

Reproduction 1s highly efficient Of the 106 adult 
females which were caught (excluding 15 pregnant 
or ancestrous ones) 90 carried pouch young and single 
corpora lutea on the ovaries, mdicating almost 
certainly that for 84 9 per cent of this sample the 
first cestrus of the season had been fertile, and that 
the resultant young had been successfully established 
In the case described by Lyne! the newly born 
young's initial fall and its subsequent failure to take 
the teat might have been attributable to a defective 
maternal behaviour pattern induced by captivity 

The growth of the young resembles that of man (on 
an equivalent time-scale) rather than that of a typical 
mammal, a long period of slow growth 1s broken by 
an intense adolescent spurt, which 1s followed by a 
further slow period which continues until maturity 
The opossum m its adolescent growth 18 less adaptable 
than man. who can defer the spurt when subject to 
Stress, although the opossum takes three years to 
reach full maturity, rapid growth can occur only 
during the one restricted period? 

The demands of the small young upon its parent 
are negligible durmg the first four months of life, and 
the bearmg female passes through the period of wmter 
stress m better condition than the male. The young 
makes 1ts main growth in the spring, but slows down 
durmg the autumn period of maximum abundance, 
accumulating some fat before winter 

Predation upon the forest opossum m New Zealand 
1s apphed only by man Natural regulation of 
numbers occurs through the low productivity The 
birth-rate can be greatly accelerated, when conditions 
are favourable, by the survival of young from the 
usually unproductive second-year Juveniles, and by a 
sprmg breeding season supplementing the normal 
autumn one 

An ultamate safeguard to forests, which are the 
natural habitat of the opossum, hes m the stenophagy 
that ıs characteristic of the Phalangeridae Only a 
lamited number of tree species are killed (except by 
starving opossums) 

Present forest destruction has two basic causes 
first, ın the previous absence of herbivorous mammals, 
palatable tree species have grown m vulnerable 
compact stands which could not develop to-day , 
and secondly, euryphagous deer and goats, by the 
destruction of undergrowth, have both prevented 
forest regeneration and mtensified opossum pressure 
upon the mature trees. 

These investigations are continumg, and 1t 1s 
intended that full reports will be published later 


dri 4 G, Pilton, P E , and Sharman, G B , Nature, 188, 622 
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FORTHCOMING EVENTS 


(Meetings marked uh an asterisk * are open to the public) 


Monday, December 7 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNIOATIONS SECTION (at Savoy Place, London, W C 2), at 5 30 pm 
—Mr B B Jacobsen “Frequency Patterns for Multiple-Radio- 
Channel Routes" 


University OF LONDON (at King’s College, Strand, London, W C 2), 
at 580 pm —Prof Max Derruau (University of Clermont-Ferrand) 
First of three lectures on the “Central Massif of France” * (Further 
lectures on December 8 and 10 ) 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, 
London, E 1), at 530 pm —Dr M Eigen (Max-Planck-Institut fur 
Physikalische Ohemie, Gottingen) ‘Relaxation Spectra of Fast 
Chemical Changes ın Solution” * 


MANCHESTER LITERARY AND PHILOSOPHIOAL Soorety (un the 
Reynolds Hall, Manchester College of Science and Technology, Back- 
ville Street, Manchester), at 545 pm —Dr J Needham, FP RS 
“Hydrauhe Engineering and Society in Ancient and Medieval China” 
(Wilde Memorial Lecture) 


Soomry or INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W 1), at 7 pm —Mr G Pask “Discontinuous 
Skill Teaching Machines" 


Tuesday, December 8 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 
Belgrave Square, London, S W 1), at 1030 am—Dr T H Rose 
and Mr P H Brown “Experiments Comparing a Number of 
Conditions for the Improvement of Glasshouse Soils”, Mr J Webber 
and Mi F W Shepherd "Experiments Comparing Bulky Organic 
Manures for Horticultural Crops", Dr F Haworth “Fertilizer 
Responses of some Vegetable Crops” 


INSTITUTE OF MARINE ENGINEERS (at the Memorial Building, 76 
Mark Lane, London, EC 8), at 5 30 pm—Mr A Lindén “Recent 
Development of the Gotaverken Engine" 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, 
London, E 1), at 580 pm —Dr M Eigen (Max-Planck-Institut fur 
Physikahsche Chemie, Gottingen) “Proton-conducting H-bond 
Systems and their Analogies to Electronic Semiconductors” * 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1) 
at 530 p m -Dr L G Lajtha “Autoradiography in Bone Marrow 
Studies" (Fourteenth of fifteen lectures on “The Scientific Basis 
of Medicine” organized by the British Postgraduate Medical Federa- 
tion * (Further lecture on December 10 ) 


ROYAL AERONAUTICAL SOCIETY (at 4 Hamulton Place, London, 
W1), at 7 pm-—Dr E K Armstrong and Mr R EB Stevenson 
"Some Practical Aspects of Compressor Blade Vibration" 


Wednesday, December 9 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12), ab 2 pm —Dr J D 
Nabarro “Laboratory Investigations in Endocrinology” * 


Instrrore OY Puysics (at 47 Belgrave Square, London, S W 1), 
at 6 pim--Sir Edward C Bullard, P RS “Geological Time” 


Society FOR PSYOHIOAL RESEARCH (at Leighton House, 12 Holland 
Park Road, London, W 14), at 630 pm —Dr Letitia Fairfield 
"Ohildren and Witeheraft^" 


Om AND COLOUR OHEMISTS' ASSOCIATION, LONDON SECTION (at 
the Royal Society of Tropical Medicine and Hygiene, Manson House, 
26 Portland Place, London, W 1),at7pm—Dr 8 H Bell "Electron 
Microscopy and Paimt Technology” 


Soormty FOR ANALYTICAL CHEMISTRY, BIOLOGICAL Metaops 
Group (at the Chemical Society, Burhngton House, Piccadilly, Lon- 
don, W 1), at 7 p m —Annual General Meeting, followed by Dr H J 
Walls, Mr $8 S Kind and Dr A S Curry "Biological Methods in 
Forensic Science” 


WOMEN'S ENGINEERING SOCIETY (at “Hope House”, 45 Great Peter 
Street, London, 8 W1),at 7 pm —Dr Elizabeth Laverick “Radar 
and Telecommunications Research and Development” 


Wednesday, December 9—Friday, December |! 


CROP PROTECTION AND PEST CONTROL EXHIBITION (organized by 
World Crops, at the Seymour Hall, Seymour Place, London, W 1) 


Thursday, December 10 


INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION  SEOTION 
(at Savoy Place, London, W C2), at 530 pm —Mr D B Corbyn 
and Mr N L Potter ‘The Characteristics and Protection of Semi- 
conductor Rectifiers” 


Uxtvarstry OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, WO 1), 
at 580 pm-—Dr Sheila T Callender, ‘Iron Absorption" * (Last 
of the fifteen lectures on “The Scientific Basis of Medieme' organized 
by the British Postgraduate Medical Federation ) 


Thursday, December 10—Friday, December || 


BRISK INSTITUTE OF RADIOLOGY, incorporated with the RÖNTGEN 
SoorgrY (at Church House, Westminster, London, S W 1)—AÀnnual 
Congress ànd Exhibition 
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ROYAL SOCIETY (at Burlington House, Piccadilly, London, W 1), 
at 930 am daily—Discussion on "Phe Biology of the Southern 
Cold Temperate Zone" opened by Prof © F A Pantin, ERS 
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Friday, December 11 


ROYAL ABRONAUTIOAL SOCIETY (at the Institution of Mechanical 
Engineeis, Birdcage Walk, Westminster, London, S W 1)—Sym- 
posum on “Fhght Safety” (AM Day Discussion) 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12),at4pm-—Prof A Haddow, 
PER “The Present and Future Relationship of Cancer Research 

o Medicine” 


INSTITUTE OF PHYSIOS (at 47 Belgrave Square, London, S W 1) 
at6pm—Mr J F Sayers “The Ultrasonic Camera—-an Alternative 
Approach to Ultrasonic Testing” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London 02), at 6 30 pm — 
Sir Wills Jackson, FRS “The ‘Trends of Electrical Progress and 
Their Implications” 


ROYAL AERONAUTICAL SOCIETY, AGRIQULTURAL AVIATION GROUP 
(at 4 Hamilton Place, London, W 1), at 7 pm —Mr Peter King 
pei eta aa Planning 1n the United Kingdom-—Results and 

ufficulties’? 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9 pm-—Prof RE E D Bishop “The Menace of Vibration in 
Enginee.ing” 


Saturday, December 12 


LONDON County CouNOIL (at the Horniman Museum, London 
Road, Forest Hill, London, § E 23), at 3 80 p m —Mr Philip Hunter- 
Jones “The Desert Locust” * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

TECHNICAL OFFIOER (with a university degree or comparable 
qualification in physics or electrical engineering or other approved 
subjects) IN THE DEPARTMENT OF PHYSIOS—Dr Kipping, 
tao Chemical Laboratory, Lensfield Road, Cambridge (Decem- 

er 

PRINCIPAL SOIENTIFIO OFFICER (with research experience, prefer- 
ably, but not essentially, 1n the chemistry of fats or related substances) 
IN THE Fats RESEARCH LABORATORY of the Department of Scientific 
and Industrial Research, New Zealand, to undertake investigations 
on the composition and significance of fats and related substances, 
including phosphokpids and sterols present in animal and plant tissues 
—Lhe High Commissioner for New Zealand, New Zealand House, 
415 Strand, London, WC 2, quoting Ref No B 11/21/22 and men- 
ti0mng Naiwe (December 4) 

ASSISTANT or ASSOCIATE PROFESSOR OF APPLIED MATHEMATICS— 
The Chairman, Department of Mathematics, McMaster University, 
Hamilton, Canada (December 10) 

LECTURER or ASSISTANT LECTURER (with at least a good honours 
degreein physics, and preferably experience in teaching and/orresearch) 
IN Paysics at the University of Malaya, Kuala Lumpur—The Secre- 
tary, Association of Universities of the British Commonwealth, 36 
Gordon Square, London, W C 1 (December 15) 

LEOTURER/SENIOR LECTURER (with an honours degree in chemical 
engineering and some teaching or industrial experience) IN CHEMICAL 
TiNGINRERING at the University of Sydney, Australia-—-The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W C 1 (Australia, December 19) 

SENIOR LECTURER or LECTURER IN PaTHOLOGY at the University 
of Khartoum—The Registrar, University of Khartoum, e/o Inter- 
University Council for Higher Education Overseas, 29 Woburn Square 
London, W C 1 (December 22) 

SENIOR TECHNICIAN or 'TEOHNIOIAN IN THE DEPARTMENT OF 
BAOTERIOLOGY, and a SENIOR ''HOHNIOIAN or TECHNICIAN IN THE 
DEPARTMENT OF SURGERY, University of Khartoum-—-The Registrar, 
University of Khartoum, c/o Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W C 1 (December 22) 

ENTOMOLOGIST, Grade O (with a good honours degree in entomology 
(zoology) and a particular interest 1n. biological control work)—The 
Director, Institute of Biological Control, Science Building, Carhng 
Avenue, Ottawa, Ontario, Canada (December 31) 

HEAD (with a degree in electrical engineering or Corporate Member 
of the Institution of Electrical Bngineers) OF THE DEPARTMENT OF 
ELECTRICAL ENGINEERING—The Principal, Coventry Techmeal 
College, Butts, Coventry (December 31) 
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EXPANSION OF UNIVERSITY EDUCATION IN BRITAIN 


N an addiess to the eighth Congress of the Univer- 
sities of the Commonwealth* at Montieal in 
September 1958, Sir Douglas Logan, principal of the 
University of London, opening a discussion on the 
establishment of new universities, expiessed the 
opinion, that ın all paits of the world there 1s to-day 
a widespread demand for an expansion of the 
facilities for higher education which can be satisfied 
only by the creation of new unrversrties While he 
paid tribute to the way in which the scheme of 
‘special relation’ had contributed to the growth in 
the post-war period of the new university colleges m 
the overseas Commonwealth, he pointed out that the 
scheme 18 costly both ın time and man-power, making 
heavy demands on the university foster-mother He 
believes, too, that m England we have reached the 
end of an era when apprenticeship under the London 
external degree system was the avenue by which an 
institution approached full universrty status, but 
nevertheless we are reaching the hmut of expansion 
of our existing universities, and the problem of 
expandmg facihties for higher education in the 
United Kingdom can, m his opimon, only be solved 
by the establishment of new university mstitutions 
Si Douglas Logan believes that in this matter 
the imitiative should come from outside, and that 
it is disappomtmg that the new University College 
of Sussex would only be the fifth to be founded 
in the United Kingdom since the end of the First 
World War The foundmg of other university 
institutions is, of course, already being actively can- 
vassed, for example, at York, at Norwich and at 
Bournemouth, and ıt will at once be realized that 
many aspects of long-term university policy are 
impheit m Sir Douglas’s address Apart from the 
question of where new university mstitutions should 
be established and how many, there are such ques- 
tions as the size of a university, new or existing, 
what type or types of new mstitution should be 
established, the optumum size of 1ts departments and 
faculties, thew 1ange of studies and, probably, the 
length of ther courses Nor can these questions 
be wisely considered without regard to Britain's 
existing resources, the desirable output of graduate 
and postgraduate students and the cover of faculties 
These questions have been the subject of mereasmg 
discussion in recent months Early this year m The 
New Scientist, Prof W Q V Balchm, of Swansea, 
argued that universities are a product of population 
and have ren m response to national, cvic and 
regional needs <A new set of regional university 
colleges is desirable, he believes, to satisfy the future 
demand for places, to maintain the standards of 
* Eighth Congress of the Universities of the Commonwealth, 
Montreal, September 1-5, 1958 Report of Proceedings Pp xxix+- 


100 (London Association of Unrversities of the British Common- 
wealth, 1950) 12s 6d 


existing institutions and permit experimentation 
The belief 1s widely held that the optimum size of a 
university 1s between 3,000 and 4,000 students, but 
there 1s also strong support for smaller units of 2,000 
to 2,500 Prof Balchin listed a dozen or more 
regional centres for consideration where prelummary 
moves have been made 

The decision as to the number of new mstitutions 
must be determmed by the desirable target for 
national output, as well as by the views held as to 
the appropriate size of individual mstitutions The 
University Grants Committee has given a figure of 
136,000 as a suitable objective for Britam before the 
end of 1960 The Association of University Teachers, 
however, estimates that the univeisity population 
should rise to 176,000 by 1960, fallmg to about 
145,000 a few years later Present Government grants 
based on the first figure are expected to provide an 
annual output of 12,000 science and engmeermg 
graduates by 1970, and with 10,500 qualified men 
from the technical colleges, will mcrease the student- 
population ratio to something like 1 410 

To a lage extent the argument for university 
expansion m Great Biitam rests on the alleged need 
for more scientists and technologists, and the analysis 
of thus need by Prof John Jewkes m his presidential 
address to Section F (Economics) at the British 
Association meeting at York is accordingly highly 
important in assessing the desirable magnitude of 
university expansion as a whole Inevitably, the 
stnkmg of a right balance between the scale of 
scientific and technical activities and other activities 
is a matter of judgment, perhaps also of mtuition 
Prof Jewkes suggests, in fact, that our knowledge 
about our scientific and technical effort 18 really very 
lunited, and that we know little about even the true 
magnitude of the needs of Britam m man-power 

Prof Jewkes does not beheve that the universities 
of Britam are at present failmg in ther task of 
selection, and accordingly if more people are trained 
m them in the sciences and m technology, fewer of 
the ablest segment of the community will be tramed 
m the other mtellectual discrplmes This could be 
the more serious if there is, m fact, not simply in 
the undeveloped parts of the world, but also else- 
where, a growmg need for more men of the admmis- 
trative and managerial type, and for the pervasive 
spread of specialized skills of all kinds which Western 
countries take for granted Indeed, mmportant as it 
is that the admmustrator and manager should be 
aware of scientific and technical factors m a situation 
and able to assess the importance, ıt could equally 
be argued that the growing need of to-day 1s for the 
imaginative insight, the vision and capacity to assess 
human values that a humanistic education can 
ineuleate—8 view which President E:senhower’s 
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Science Advisory Committee appears to share m its 
statement, “Education for the Age of Science” 

Here, indeed, the question of quality 1s all- 
important, and the possibility and consequences of 
still further mereasmg the proportion of failures 
(already higher m science and technology than m 
other subjects) m» a policy of university expansion 
in which standards are not lowered must be con- 
sidered Here, too, ıt should be 1emembered that 
the decisive contribution to economic or industrial 
expansion and to scientific advance comes from the 
comparatively few outstanding and creative minds 
The nght question ıs undoubtedly, as Prof Jewkes 
suggests, whether the community will gam by having 
more scientists and more technologists tramed at the 
expense of non-scientists , but this too 1s Inked with 
the question of quality and whether, m fact, we are 
at present employing our scientists and technologists 
to the best advantage and, in particular, providing 
them with the technicians and other assistance as 
well as equipment which are required to make the 
most efficient use of them services Nor, as Prof 
Jewkes also observes, can we overlook the com- 
petition which exists for the services of scientists, 
for example, between the need for teachers of science 
and scientists in industry or government service 

Prof Jewkes ıs inclined to challenge the assumption 
that Great Britam is suffermg from an unmet need 
for more scientists, and he is highly critical of the 
evidence or errteri& on which the argument for such 
a shortage has been based Neither mternational 
comparisons nor the attempts to correlate mdustrial 
output and the number of scientists and technologists 
are convincing , nor agam does 16 appear reasonable 
to assume that, ın proportion to size, every industry 
should spend the same proportion on 1eseaich and 
development o1 devote the same proportion of its 
labour force to those ends Measurement of the net 
gam arising from research and development ıs equally 
difficult, and there seems to be no strong evidence 
that the appearance of modern industrial research 
laboratories about 1930 has made any steeper the 
general upward trend ın output per head Again, 
comparing experiences of the different mdustrial 
countries since 1945 provides no very obvious corre- 
lation between the rate of industrial expansion and the 
resources devoted to scientific and technological 
effort 

Prof Jewkes suggests, therefore, that we should 
continue to search for better criteria for determmmg 
how much the community should devote to science 
and technology, but points out that meanwhile the 
strikmg of a correct balance 1s not in itself a scientific 
process or one m which scientists should have the 
last word He remimds us, moreover, that social 
discoveries m their totahty may have contributed 
just as much to the rise of standards of living in the 
past two centuries as the technical mventions and 
scientific discoveries of the period He does not 
suggest that we do not need more scientists and 
technologists, he does suggest that we should be 
clear as to the full implications of such expansion 
both m the universities and elsewhere, before we 
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commit ourselves to a policy of expansion on any 
particular scale 

Lord Simon, m an article on university expansion 
in the Unwersitres Quarterly of 1958-59 (13, No 1), 
argued strongly for the establishment of a Royal Com- 
mussion on the Universities to examine both university 
expansion and long-term university policy He 
claimed that long-term university policy is scarcely 
considered by the University Grants Committee and 
that the Committes’s very success in dealing with 
heavy and vitally rmportant admmustrative matters 
leaves ıt httle or no time to devote to matters of 
long-term pohey Lord Simon imstanced many 
matters which such a body might consider, such as 
the question of halls of residence and the extent to 
which new unrversities should be primarily residen- 
tial, and the relations between teaching staff and 
students, but without advanemg convinemg reasons 
why such matters should be considered by such a 
body as a Royal Commission rather than some 
appropriate committee appointed by the University 
Grants Committee itself 

There ıs, of course, involved here the fundamental 
question which Minister or Department of State 
should primarily be charged with university policy 
Besides the Chancellor of the Exchequer, to whom 
the University Grants Committee is responsible, the 
Munster of Education and the Lord President of the 
Council are both involved , and Lord Hailsham has 
already made ıt clear that he regards university 
pohey as to some extent falhng withm Ins new 
responsibilty for fresh thmkmg about the whole 
structure of Britam’s scientific and technical effort 
This follows mevitably from his responsibilities for 
the Department of Scientific and Industrial Research 
Such really prickly questions as the magnitude of 
the alleged distortmg effects of the prestige and 
resources of the older universities m comparison with 
the new ones, and the imphcations and consequences 
of requrmg a greater expansion in the scientific 
departments than academic circles regard as healthy 
for university life might well be handled by him 
without resort to the expedient of a Royal Com- 
mission, with its demands on men and women 
whose judgment, vison, authority and wide exper- 
ence are already heavily engaged 

The question of a Royal Commission has agam 
been raised by G C Moodie m a pamphlet issued by 
the Fabian Society In “The Universities - a Royal 
Commission. ?”*, Mr Moodie sets forth eghty-eght 
questions for consideration by such a commission 
without, however, seriously examuning the justifica- 
tion for appomting a Royal Commission to consider 
all these matters, some of which are clearly com- 
paratively trivial and others which Mr Moodie 
himself admits could not usefully be examined by a 
purely United Kingdom Commussion, since any action 
would necessarily have to be taken jomtly by all the 
Commonwealth Governments mvolved Here, ıt 
would seem that the Commonwealth Educational 


* The Universities a Royal Commission? By G C Moodie 
(Fabian Research Series, No 209) Pp 52 (London Fabian 
Society, 1959) 5s 
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Conference has already estabhshed the appropriate 
means Indeed, of the seven questions dealing with 
Commonwealth relations detailed by Mr Moodie, at 
least five or six came under consideration at the 
Oxford Conference last July 

It 1s only fam to point out that Mr Moodie recog- 
nizes that not all the questions he lists need be 
answered by the proposed commission m detail, and 
that decisions on some might more appropriately be 
left to the University Grants Committee or the 
universities themselves The terms of reference he 
proposes, however, are comprehensive “to examine 
university education to-day, the role of the univer- 
sities m modern Britain, and the ways m which the 
universities may best be enabled to fulfil that role m 
the foreseeable future, in making this examimation 
to pay special reference to the number of students 
to be admitted to the universities, the mternal 
government of the universities, the special positions 
within the nation of the Universities of Cambridge 
London and Oxford, and the proper relationship 
with the publie as represented by the mstitutions of 
Government, and with the rest of the educational 
system” He recognizes that the commission would 
require a special tramed staff and that ıt would also 
need to make extensive use of sub-committees , but 
ib 1s nowhere clear why, if the University Grants 
Committee were suitably strengthened on simular 
lines, 16 could not undertake the task at least as 
effectively In any event, questions regarding the 
work of the University Grants Committee itself, rts 
relations with the Treasury and the effectiveness of 
its control over the universities and of public 
accountability generally could only be satisfactorily 
handled by an independent body appointed by the 
minister concerned Probably, as already suggested, 
this aspect could well fall within the review of the 
nation’s scientific resources to which Lord Hailsham 
has already addressed himself 

From what Lord Hailsham has already stated, he 
mtends to examine other questions which Mr 
Moodie lists, such as the relations between the 
universities and the research institutes, the best 
means of encouraging university research, and the 
increase of private benefactions, particularly from 
mdustry, and for universities othe: than Oxford, 
Cambridge and London Besides such problems of 
postgraduate study and research and the general 
finaneing of the universities, the specific questions 
listed by Mı Moodie fall mto three groups — specific 
problems of university expansion, meludmg the 
limits imposed by the availability of qualified staff, 
problems of wastage, standards of admission, awards, 
yesidence and the like, the range and vaiiety of 
university stitutions, and university government 
and autonomy The gioups aie not mdeed sharply 
separated, but by and large the essential issues are 
clearly enough displayed, some large fields are 
expressly excluded, although they could be dis- 
1egarded in any survey which sought to guide long- 
term university pohey and particularly to mfluence 
the proportion of the national resources which should 
be allocated to the universities 
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Whatever reservations may be entertained as to 
the means by which such questions as Mr Moodie 
propounds should be examined, little exception can 
be taken to the propositions on which he affirms any 
university pohey should be based There will un- 
doubtedly be an mcreasing number of school-leavers 
capable of profiting from, and demandmg oppor- 
tunities for, further education or instruction The 
country needs more tramed and highly tramed 
extizens if it is not to declme into international 
insignificance and mternal stagnation Within any 
educational system, variety 1s essential and uniformity 
strongly antipathetical to choice and experiment, 
without which education must suffer m the long run 
However these requirements are met, 1t will bo costly, 
but ıt will be a productive and constructive form of 
national expenditure 

Of the first two propositions, 16 might be observed 
that further education does not necessarily mean 
university or higher technological education The 
question of balance ıs as important as that of the 
amount of potential talent at present missed if full 
use 1s to be made of our resources of man-power— 
and incidentally, 1f the maximum satisfaction 1s to be 
given to the student not smmply in his or her years 
of trammg but also m after-hfe It might be added 
that due attention to this aspect 1s likely to afford 
the nation the most productive return from its 
expenditure on education at whatever level that 1s 
fixed 

Mr Moodie 1s obviously opposed to the universities 
continumg to determine them own policies of expan- 
sion, and 1s dubious as to the alternative possibility 
of raismg university standards and making wider use 
of other mstitutions for the less gifted He seems to 
lean rather wo a lowermg of standards to somethmg 
approaching the American level, though he admits 
that if this were done 1t would be essential to develop 
some institutions such as Cambridge, Oxford and 
possibly others to provide a particularly high leve] 
of education to highly selected students He suggests 
that while this pohey would mean that university 
education would become a comparatively common 
experience, this would be socially beneficial, and 
from this pomt of view would presumably repay the 
higher mvestment Restiiction of university entry 
by raismg standards would also be beneficial, as ıb 
would ensure that the universities were not the only 
source of social leadership, and would allow them 
to stand more clearly for learning and research 

It seems likely that such fundamental issues as 
these will recerve at least preliminary attention from 
Lord Hailsham, and if he considers that they need 
closer consideration by a Royal Commission, the 
recommendation would come with greater weight 
from his new position as Minister for Science Prob- 
ably m the first instance he will recommend, however, 
some further strengthening of the University Grants 
Committee so as to enable ıt to give more con- 
sideration to questions of long-term policy The 
questions, however, of the effectiveness of the 
University Grants Commuttee itself, of the relations 
between the universities and the Government, the 
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magnitude of the resources which should be placed 
at ther disposal and the channels by which they 
should be made available are certam to be examined 
mdependently by Lord Hailsham His comments 
and recommendations here will be awaited with as 
much eagerness and mterest as his proposals re- 
garding relations between the Minister of Education, 
the Chancellor of the Exchequer, the Lord Privy 
Seal and other departmental ministers, who are m 
some degree responsible by the traming of scientists 
and technologists and the use of therr services 


CURRENT RESEARCH ON 
REPRODUCTION AND FERTILITY 


Studies on Fertility 

Including papers read at the Conference of the Society 
for the Study of Fertility, London, 1958 Edited by 
Prof R G Harnson (Vol 10 of the Proceedings of 
the Society for the Study of Fertiliby) Pp x+176 

(Oxford Blackwell Scientific Publications ; Sprmg- 
field, Ill : Charles © Thomas, 1958) 25s. net 


Proceedings of the Third Symposium on Repro- 
duction and Infertility 

Colorado State University, Fort Colhns, Colorado 
Edited by F X Gassner, m association with Rue 
Jensen and H J Hill (Sponsored by the College of 
Votermary Medieme and the Agriculture] Experiment 
Station) Pp vin+273 (London and New York 

Pergamon Press, 1958) 42s. net 


Essentials of Human Reproduction 

Chnical Aspects—-Normal and Abnormal Edited by 
Prof Joseph Thomas Velardo Pp ix--270 (London 
and New York. Oxford University Press, 1958) 
110s net 


The Endocrinology of Reproduction 

Edited by Prof Joseph Thomas Velardo Pp vm 
340 (New York and London: Oxford University 
Press, 1958) 1208 net 


NOTABLE feature of the new volume of 
“Studies on Fertihty" 18 the pubheation of a 
group of papers on the use of synthetic progestms 
which, when administered orally, suppress ovulation 
and thus prevent conception m women Dr Gregory 
Pincus, one of the investigators origmally concerned 
m the development of norethisterone (norlutim), 
norethynodrel (enovid), and similar compounds as 
potential oral contraceptives, reports favourably on 
the outcome of trials in Puerto-Rican women, and 
shows that & recovery of normal ovulatory function 
and fertility takes place readily after the cessation of 
medication He, and Dr Jackson, both mention, 
however, the disturbmg side-effects of the oral 
~ medication, such as nausea, vomiting, dizziness, 
headache and abdominal pam which, though m- 
frequent, yet require further investigation before 
synthetic progestins are adopted on a large scale as 
a safe and reliable means for the control of human 
fertility Other papers m the same volume reflect 
adequately the various lines of advance m research 
on the physiology and pathology of human and 
anımal reproduction They cover a multitude of 
problems ranging from psychiatric and surgical 
aspects of human infertility to successful attempts of 
induemg conception m the guinea pig by injecting 
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spermatozoa into the peritoneal cavity Contrbu- 
tions to the physiology of gametes include new 
observations on the transfer of mouse eggs and on the 
effects of varicoccele, cryptorchidism, and ischemia 
on testicular function m mammals, as well as new 
findings relating to the occurrence of some remark. 
able species differences m sperm metabolism of the 
boar, ram, stallion, bull and man 

The volume ts a good example of progress achieved 
by an interchange of ideas and observations between, 
chnical mvestigators, concerned primarily with the 
problems of human fertility, and the laboratory 
workers whose efforts are concentrated m the mam 
on the more basic problems underlying the repro- 
ductive processes in animals Now that the recently 
announced Journal of Reproduction and Fertility 1a 
gomg to replace the “Studies m Fertilty” as the 
official organ of the Society for the Study of Fertility 
one hopes that 1t editors will be able to extend even 
further the range of papers, while mamitaming m the 
new pubheation the standard which distingmshed 
the parent journal 

Like “Studies m Fertihty”, the Proceedings of the 
Symposium on Reproduction and Infertility, held 
under the auspices of the Colorado State University 
illustrates well the tendency among research workers 
m the field of reproductive physiology to pay m- 
creasmg attention to comparative aspects, m an 
endeavour to hnk up studies on human and anmal 
fertihty Of the twenty papers given at that sym- 
posum, more than half deal with problems in cattle 
mainly with the ineidence and causes of vibriosis. 
vaginitis, malignant tumours of genrtal organs, and 
sterility of the so-called repeat-breeder cow Those 
mterested m human reproductive disorders will find 
especially mteresting and mstructive the chapter by 
Nowakowski on the classification of male hypo- 
gonadism, based to some extent on the chemical 
analysis of semen, and Reifenstem’s survey of new 
long-acting progestins and them use im mamntammg 
human pregnancy and preventing abortion. 

Progress m research concerned specifically with 
human reproduction naturally forms the mam theme 
of “Essentials of Human Reproduction”, a text-book 
written by thirteen specialists representing various 
medical schools m the United States, and edited by 
Prof Velardo, of the Yale University Medical School 
An attractive feature of this book and its companion 
volume, “The Endocrinology of Reproduction", is 
the emphasis which the authors have placed on exist- 
mg problems m the physiology of reproduction and 
on current research problems Both books are, more- 
over, notable for the melusion of numerous ilus- 
trations, some of them reproduced from the monu- 
mental “Ciba, Medizal Illustrations" of Netter, others 
originating from Robert Wabnitz “Essentials of 
Human Reproduction” contains discussion of all the 
main stages of the normal reproductive process in 
man, and tackles in addition the various disturbances 
of human pregnancy, endoerme disorders of the 
testis and ovary, and different forms of infertility 
"Endoermology of Reproduction”, written alike for 
research students and specialists, includes, m addition 
to chapters on male and female endocrmology, some 
information on closely related subjects such as the 
genetics of reproduction and the anatomy and 
embryology of the male and female reproductive 
systems As with most text-books written by several 
authors, there is a certam amount of overlappmg 
Research students wil also find that some chapters 
of the text-book are much easier to follow than 
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others, and they may have some difficulty m deciding 
which of the copious references should be selected for 
futher reading. This, however, does not detract 
from the value of the book to the specialist, both as 
a concise and up-to-date survey of the subject and as a 
useful compilation of relevant literature T MANN 


FORMALIZATION OF 
CONSTRUCTIVE CONCEPTS 


Constructivity in Mathematics 

Proceedings of the Colloquium held at Amsterdam, 
1957 Edited by Prof A Heytmg (Studies in 
Logic and the Foundations of Mathematics) Pp 
vi1+297 (Amsterdam * North-Holland Publshmg 
Company, 1959) 60s 


HIS volume consists of 25 articles by 23 authors 
The central themes are inturtionism and mductive 

definitions The two fundamental steps ın the back- 
ground are Heyting’s formal systems to embody 
Brouwer’s ideas on logic and mathematics, and a 
classical formahzation of the concept of effectively 
calculable functions by general recursive functions 
As a result of these steps, a more formal treatment, 
congemal to the logician, of mturtionism and con- 
structive mathematics m general becomes possible 
Much of the book 1s devoted precisely to questions 
arising from such a treatment Since in classical 
mathematics we are concerned with not only natural 
numbers but also real numbers and real functions, a 
major problem ıs to extend the notion of recursive 
functions to those of objects of higher type, that 18, 
to define computable or constructive functionals 
Kleene's paper on countable functionals, the papers 
by Davis, and by Kreisel-Lacombe-Shoenfield deal 
with this problem In addition, Kreisel and Kleene 
each gives an interpretation of intuitionistic analysis 
by applying constructive functionals 

Another problem ıs to ‘reconstruct’ classical mathe- 
matics by restricting arbitrary functions to con- 
structive ones This leads to the study of construc- 
tive, ın particular, recursive, analysis and topology 
The articles by Goodstein, Grzegorezyk, Lacombe and 
Specker are taken up by this The three papers by 
Rasiowa and Srkorski are concerned with formal 
considerations on Heyting’s calculus of mturtiomstic 
logie 

Fitch gives a consistent formal system which 
contains the theory of combinators and ‘extended 
basic logic’? — Myhill proves theorems on "fimtely 
representable functions’ which appear to be essenti- 
ally the same as the Herbrand recursive functions 
reported im Godel's lectures of 1934 Hermes and 
Wette study certain problems about the "operative" 
logic and mathematics 

The remainimg nine articles are of a more general or 
a more philosophical character Heyting makes some 
familar but pertinent remarks on intuitionism , 
Beth comments on his own formal treatment of the 
intuitionstic loge Kalmár argues against the 
hypothesis that every effectively calculable function 1s 
general recursive , Péter disputes that every general 
recursive function is indeed effectively calculable 
Lob tries to formalize concepts such as event, brain, 
subject, mental occurrence of a subject, perception, 
in terms of constructive ideas Nelson considers the 
meaning of falsity m empirical characterizations of 
truth, as well as the situation that classical logic 
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identifies certain constructively distinct entities 
Lorenzen stresses the importance of mductive defim- 
tions for constructive mathematics Mostowski 
discourses on various degrees of constructivism 
Bernays gives a free-variable, complete formal 
system as a natural extension of the calculus of 
relations 

If we summarize the concepts and methods of 
foundational studies under the five headings of 
anthropologism (strict finitism), finitism, ntuitionism, 
predieativism (mductivism), and platonism, the book 
is mamly concerned with mtuitionism and a part of 
predieativism This is perhaps nob surprismg since 
platonism falis outside the domain of constructavity, 
while the prmerples of anthropologism and finitism 
are not yet sufficiently clarified to admit a direct 
mathematical handlmg Hao Wane 


BIRDS OF PREY 


Pirates and Predators 

The Piratical and Predatory Habits of Birds By 
Colonel E Memertzhagen Pp 1x+230+44 plates 
(Edmburgh and London Oliver and Boyd, Ltd, 
1959) 70s net 


HE author of this handsome volume emphasizes 
that iv 18 a contribution and not a monograph 

The value indeed hes in the record of origmal obser- 
vations made m the course of long experience m 
Europe, Africa and Asia Economical of words, the 
writer has a happy knack of conveying a vivid 
impression of what he has seen His touch ıs less 
sure when he cites the records of other observers, but 
m any event he disclaims an exhaustive representa- 
tion of the Itterature 

An opening chapter deals with various general 
pomts, such as the food preferences of individual 
members of a predatory species, the regular beats and 
hunting territories of some, relative size of the usual 
victims, methods of killmg and of preparation for 
eating, and the reactions of other birds to predators 
Throughout, particular attention is paid to the 
occurrence of ‘piracy’, that is to say one species 
robbing another of its prey, occasionally m some 
instances and regularly m others The habits of 
mammals and reptiles receive frequent mention 

Group by group, Colonel Momertzhagen then 
briefly reviews predatory and prratical habits among 
the birds which he rather whimsically classes as 
‘amateurs’, those outside the Falecomformes and 
Stugiformes Species by species he next deals with 
many of the ‘professionals’, the true diurnal and 
nocturnal birds of prey m which he 1s especially 
interested This is the longest section of the book 
and covers examples of hunting for many types of 
prey—insects, molluscs, fish, reptiles, birds and 
mammals—some species bemg highly specialized in 
this respect and others more versatile Flying prey 
may be secured by level pursuit or by ‘stooping’ from 
above prey on the ground may be located from 
flight (quartermg, soarmg, hovering), from a perch 
or from the ground itself (secretary-bird) , then there 
are the fishing hawks, the eaters of carrion and the 
partly vegetarian palm-nut vulture One would have 
welcomed some sort of general review of these topics, 
in addition to the piecemeal presentation 

Finally, there is a chapter on what the author 
terms ‘autolyeism’, that 1s to say, making use of other 
animals (including man) but not as victims There 
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are the many birds which nowadays usually nest on 
buudmgs or which have developed feeding habits 
geared to human activities There are various associa- 
tions of birds with mammals, both wild and domesti- 
cated, exemplified by the habits of the cattle egret 
and the ox-peekers There are associations between 
different species of bids, and breedmg parasitism 1s 
Just mentioned As regards associations with reptiles, 
Colonel Memertzhagen has personally witnessed both 
Plumanus and Hoplopterus picking the teeth of 
crocodiles 

The colour plates are mostly from pictures by the 
late George Lodge, but one of a lammergeier from a 
tapestry by the author ıs of note ; the drawings and 
photographs are from various sources 

LANDSBOROUGH THOMSON 


KEEPING UP TO DATE WITH 
CHROMATOGRAPHY 


A Manual of Paper Chromatography and Paper 
Electrophoresis 

By Richard J Block, Emmett L Durrum and 

Gunter Zweig Second edition, revised and enlarged 

Pp x1+710 (New York Academic Press, Inc , 

London Academic Books, Ltd , 1958) 12 80 dollars 


Papierchromatographie 

Von Dr Friedrich Cramer Vierte, stark erweiterte 
Auflage (Monographien zu "Angewandte Chemie" 
und "Chemuie-Ingenieur-Technik", Nr 64) Pp 215 
(Wemheim/Bergstr Verlag Chemie, GMBH , 1958 ) 
np 

Handbuch der Papierchromatographie 
Herausgegeben von Dr I M Has und Dr K 
Macek Band 1 Grundlagen und Technik Pp 
xxiv--860 (Jena Gustav Fischer Verlag, 1958 ) 
58 40 DM 


Chromatographic Reviews 

Progress m Chromatography, Electrophoresis and 
Related Methods, Vol 1 Edited by Michael Lederer 
Pp ix--276 (Amsterdam Elsevier Pubhshing 
Company, London D Van Nostrand Company, 
Ltd, 1959) 45s 


REVIOUS editions of two of these books are 
already well known The new editions of Block, 
Durrum and Zweig’s "Manual" and of Cramer's 
"Papierchromatographie" maintam tbe high stan- 
dard of their predecessors Both mecorporate recent 
information and umprovements in arrangement of 
subject-matter Because they are about subjects 
that are still growing rapidly, ıb is not surprising 
that these books are somewhat larger than previous 
editions Block, Durrum and Zweig’s book is half 
as big agam as their first edition of 1955, and has 
become rather bulky for a practical manual Cramer’s 
book has also put on weight but 16 18 still shm enough 
to carry around the laboratory without undue stram 
Cramer’s exposition of paper chromatography remams 
less highly detailed and he deals only in outline with 
paper electrophoresis, whereas Block, Durrum and 
Ziwexg are faced with the problem of coping adequately 
with both techniques within the covers of one book 
Block and Zweig’s section 1s a detailed and up-to- 
date account of the paper chromatography of very 
many substances, amply illustrated with photographs, 
diagrams and tables of Rp values The bibhography 
‘covers the literature up to the end of 1956 and 
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oecupies no less than 45 pages New features m 
Durrum’s section on paper electrophoresis include 
recent developments m recordmg and integratng 
densitometers, radioactive scanners and improve- 
ments in curtain electrophoresis and other methods 
All the theory ıs now covered m one chapter instead 
of bemg split up as previously There 1s also a very 
full bibliography (about 2,000 references as com- 
pared with 300 m 1955) and a useful classification of 
electrophoretic applications Cramer’s book covers 
much of the subject quite adequately for most pur- 
poses It 1s also well illustrated and has many tables 
of Ry values The colour reproductions are extra- 
ordinarily good The book 1s attractively prmted and 
will appeal primarily to German-speaking workers 

In 1954, under the editorship of Hais and Macek, 
the comprehensive Czech treatise ““Papirova Chroma- 
tografie" was published Afterwards, the editors 
decided to prepare a new edition of this work in two 
volumes, the first to cover fundamentals and tech- 
niques, the second to cover applications and biblio- 
graphy Also a German translation of this new 
edition was planned, and Vol 1 n German was pub- 
hshed in August last year However, the origmal 
Czech edition, which I have not seen, was published 
only a few months ago Comparing the first Czech 
with this German edition, the conversion has been 
accompanied by a great improvement m appearance 
and the quality of printing and paper ıs now high 
There 1s no doubt that this massive work (mistakenly 
entitled ““Handbuch’ ) 1s the most complete exposition 
of paper chromatography that exists Theoretical 
aspects are dealt with fully and the many methods 
and applications are covered with remarkable 
thoroughness A number of features deserve men- 
tion There are supplements to every chapter and 
all are collected together as an appendix which 
gives full directions for preparmg location reagents, 
for pretreating substances before chromatography 
and for pretreating paper when special modifications 
of chromatography are required Many of the Rp 
values are conveniently recorded m diagrammatic 
form There are excellent surveys of methods for 
structural analysis of large molecules, particularly 
protems The book is published in Eastern Germany 
and copies may not be easily obtamed ın Western 
countries, though I have been mformed that there 
is no such difficulty 1n Western Germany 

It 18 striking how frequently new editions of books 
on chromatography are appearmg Cramer’s ıs the 
fourth smce 1951, Block, Durrum and Zweig’s is 
the third smce 1952 if the "Manual" published that 
year by Block, Lestrange and Zweig is regarded as 
the first edition Hai and Macek’s 1s the second in 
four years It would appear that authors of such 
books are obliged to think about preparing new 
editions as soon as they are published Nevertheless, 
for many and perhaps most purposes the earlier 
editions are still quite adequate and indeed they are 
largely mcorporated unchanged m the new editions 
(It must also be admitted that some of the subject- 
matter has become dead wood, but there seems to be 
a reluctance to cut ıt out ) The admirable efforts of 
the authors to keep their books on the whole field 
of paper chromatography abreast of the times may 
eventually prove to be an impossible task, because 
the subject continues to grow at an ever-increasing 
rate The alternative 1s to select a limited number of 
topics and give as much information as possible 
about each This 1s the purpose of Lederer's “Progress 
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in. Chromatography” and Vol 13s the first of a series 
to be published at intervals (how frequently is not 
stated but presumably yearly) The series will be 
concerned with all forms of chromatography and 
with related methods, including electrophoresis For 
this volume some of the articles have been specially 
written while others are taken from the Journal of 
Chromatography and all are m English There are 
nine articles each contributed by specialists Two 
are concerned primarily with techniques, namely, 
“Chromatostrips and Chromatoplates" (Demole) and 
“High Voltage Electrophoresis” (Michl) Both are 
most useful contributions because the first describes 
an elegant technique which deserves wider recognt- 
tion and the second deals with a method which is 
attracting more and more interest The other articles 
are on chromatographic and electrophoretic methods 
apphed to the following special groups mould 
metabolites (Reio), stryehnos and curare alkaloids 
(Marmi-Bettolo and Casmovi), sterols and steroids 
(Neher)—probably the most thorough survey of this 
group that has been written—chloroplast pigments 
(Sestak), anthocyanins (Harborne), morganic phos- 
phorus compounds (Hettler) and isotope separation 
(Chemla) For anyone mterested ın these topies, 
the articles offer very detailed well-presented and 
up-to-date mformation If future volumes mamtam 
as high a standard as Vol 1, the series will un- 
doubtedly form a most valuable contribution to the 
literature of chromatographic and related methods 
R Conspz=n 


NEW TECHNIQUES IN 
PACKAGING 


Pressurized Packaging (Aerosols) 

By A. Herzka and J Pickthall Pp x+411 
don. Butterworths Scientific Publeations , 
York Academic Press, Ino , 1958) 63s 


li be pressurized pack ıs a method of packaging 
and dispensing small quantities of a large variety 
of materials and has developed rapidly m recent 
years For products like hair lacquers 16 18 probably 
ideal, for many others ıb 1s efficient and convenient, 
but expensive, and the relatively high cost may or 
may not offset 1ts many advantages The pressure 
pack of horticultural msecticide 1s excellent for treat- 
ing & treasured plant, but for pest control on a large 
scale gardeners who are not millionaires are soon 
forced back to the old bucket of derris 

Herzka and Pickthall’s book is an encyclopedia of 
the subject and is m fact source book, laboratory 
handbook, trade directory and recipe book all in one 
A short general section explams the general methods 
of operation of two-phase and three-phase systems 
Section B deals with propellants, contamers, valves, 
methods of filing and the laboratory checkmg of 
finished packs from the pomts of view of safety, 
(n)flammability, spray size and pattern, moisture 
content, ete A considerable mass of information 1s 
collected together ın 1ts numerous tables and graphs 
Section C gives detailed instructions for the pres- 
surized packaging of products rangmg from food- 
stuffs to pamt strippers, cosmetics to anesthetics 
The special precautions necessary in packaging these 
different commodities are described and ample recipes 
are given The volume concludes with a glossary of 
abbreviations and technical terms, trade names of 
materials and suppliers, patents, particulars of indus- 
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trial methylated spirits and a world list of suppliers 
of containers, valves, propellants, sealmg equipment, 
laboratory apparatus, ete There are both author 
and subject mdexes 

This 18 a valuable reference work, well produced and 
printed Errors are few The illustrations are the 
weakest part Some of the lme drawings are con- 
fusmg, with the essential parts on too small a scale 
for ıt to be clear how the mechanism operates (for 
example, Figures 64 and 65) Not a few of the half- 
tone illustrations are of poor quahty and not very 
informative These are, however, minor blemishes in 
a work that, contammg much mformation m small 
compass, deserves wide circulation 

V G W Harrison 


TECHNOLOGISTS AND 
TECHNICIANS 


Sandwich Courses for Teaching Technologists and 
Technicians 

By Dr P F R Venables With & contribution by 

E Ratehffe Pp 160 (London Max Parrish and 

Co, Ltd , 1959) 18s net. 


R P FR VENABLES is one of the most able 
practitioners and  protagonists of technical 

education in Great Britam and his speeches and writ- 
ings are treated with deserved respect In this, his 
latest publication, he has collected mformation 
about the so-called ‘sandwich’ courses for produemg 
technologists and technicians which have grown up m 
such mercurial fashion over the past few years This 
information is set down with characteristic vigour 
and supported by views which are never lackmg m 
eandour or clarity Whether the book will have 
much vogue, however, 18 open to question Much 
of ıt contams information about routine admunistra- 
tive procedure necessary for running successful sand- 
wich courses and will be already qute familar to 
those concerned with runnmg such courses 

Where the book is likely to make an impact is 
among those principals of smaller technical colleges 
who are determined not to be left off the ‘sandwich 
band-wagon’ and who appear to put the prestige of 
their colleges before the genume interests of thew 
students Dr Venables makes it very clear that 
many higher national diploma and college associate 
courses would never have come into being 1f regional 
advisory committees had carried out their commit- 
ments with courage to repel over-ambitious local 
projects He also makes 1t clear that the time has 
come when colleges of advanced technology should 
take thew rightful place alongside universities , 
heads of departments should become professors (has 
he not heard of the Royal Technical College, Glasgow, 
and Manchester College of Technology ?), emment 
industrialists and technologists should be appomted 
to the part-time staffs as consultant professors, and 
research fellowships should be readily available to 
those more interested in teaching than research 

Few would deny the strength of Dr Venables’s 
arguments and most concerned with the progress of 
technical education ın Great Britam would support 
hm Perhaps his views about sandwich courses and 
related matters would have carried greater weight, 
however, if he had left the preparation of this book 
until sandwich courses had emerged from their 
swaddling clothes 
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Automation and Society 
Edited by Howard Boone Jacobson and Joseph S 


Roucek. Pp. xıv +553. (New York Philosophical 
Library, 1959.) 10 dollars 


A RESOLUTION accepted by the House of 
Commons on May 1 m a debate on automation 
requested the Government to undertake an mtensive 
study of the probable consequences of its mtroduction 
and to mvite industry to co-operate m effecting the 
necessary changes with a minimum of hardship to its 
employees. In the debate, which was concerned 
largely with tho bearmg of automation on employ- 
ment, reference was freely made to the report on the 
technical trends of automation and their impact on 
management and labour issued by the Department of 
Scientific and Industrial Research some three years 
ago and to subsequent inquiries m this field which 
have been supported by the Department The 
present book does not provide the type of report 
which was visualized m the debate as contributing 
most decisively to co-operation but the sections 
dealing with automation and responsibility and with 
automation and society could assist that task of 
education or mereasmg the pubhe understanding 
upon which alone such co-operation can be firmly 
based Apart from the first, ın which Mr P T 
Veillette outlines very clearly the development of the 
concept of automation, the sections of this book are 
the composite work of some thirty authors, that on 
automation apphed dealmg specifically with its 
application in some fourteen fields m the United 
States The other two sections are of greater interest 
to British readers, but on the whole they scarcely 
bring out the social mphcations any more clearly 
than was done in 1950 by the Department of Scieniatic 
and Industrial Research’s report The section on 
automation and society includes a useful dictionary of 
automation, but the 37 short case-histories of auto- 
mation m the United States of America and Canada 
compare poorly with the three case-studies m automa- 
tion published by Polrtical and Economie Planning in 
1957 It 1s difficult to beheve that the book could 
not have been considerably compressed with great 
advantage, and the inclusion of brief biographies of 
contributors does not compensate for the omission 
of an mdex or for the scattermg of selected biblio- 
graphies, some annotated, at the ends of chapters 
R BRIGHTMAN 


Metal Fatigue 
Edited by Dr J A Pope Pp. xiv.-381 
Chapman and Hall, Ltd, 1959) 70s net 


Ree of Nevile Shute will probably be sur- 
prised to realize that the unreceptive attitude 
of engmeermg designers to Mr Honey’s ideas on 
fatigue was until fairly recently an authentic picture 
of the state of affairs m the engmeermg industry 
Several unfortunate aircraft crashes, which were 
proved to be initiated by fatigue failure, have, how- 
ever, been 1n part responsible for a change of heart, 
and the more forward-looking engineers are now very 
much exercised by the problem of makmg allowance 
for the effects of vibrational stress on their structures 
Their task of producing a safe but economical design 
is not easy; the amount of reliable data which are 
available 1s at present madequate and, since several 
uncontrolled variables affect the fatigue Ife, a 
statistical approach 1s essential The volume under 
review should be a real help, 16 reproduces twenty 
lectures given m the Engmeermg Department at the 
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University of Nottmgham durmg a Summer School 
on the Fatigue of Metals The professed aum of the 
editor is “to present to practising engineers the 
known facts about metal fatigue and 1ts effects on 
design” This is therefore a book primarily for 
engineers, although much of ıt will be read with 
profit and fascination by metallurgists and others 
interested in the wayward behaviour of stressed 
solids 

The work ıs divided into three main sections the 
basic phenomena and, so far as ıb exists, their ex- 
planation , fatigue properties of engmeermg materials 
and components, and fatigue testing of engmeering 
components The fifteen contributors have produced 
a readable, clearly presented and useful picture of 
the state of knowledge in 1955 The engmeermg 
designer will draw some comfort from a perusal of 
the book, particularly from the realzation that the 
problems of fatigue, as they affect him, are bemg 
subjected to competent and energetic sorutiny He 
will see that already ın some directions solid progress 
has been made, notably ın our knowledge of the true 
stress mtensifieation at cracks and notches, but he 
may wonder what further developments have taken 
place ın the four years between the compilation of 
the material for the lectures and the appearance of 
this book. K M EwTWISTLE 
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Principles of Modern Physics 

By Prof Robert B Leighton. (International Series 
m Pure and Applied Physics ) Pp xn+795 (London: 
McGraw-Hill Publshme Company, Ltd , 1959) 97s 


HIS addition to the present series 18 most wel. 

come The author has tried to write a book 
suitable for students of physics m their final year 
and for specialists in other subjects who require a 
broad general background It caters very well for 
the former group By assuming a considerable back- 
ground of mathematics and classical physics a great 
deal of tedious digression, common m other books, 18 
avoided The special theory of relativity, once 
relegated to an appendix, has, at last, achieved its 
nghtful plaee—the first chapter, atomie and mole- 
cular spectroscopy, so often the major topics, are 
confined to about seventy pages More than one- 
third of the book 1s devoted to nuclear physics The 
book is very comprehensive and up to date It 
includes such topics as parity, band theory of sohds 
and X-ray diffraction Work published as recently 
as 1958 1s referred to Occasionally, the matenal 
becomes too condensed for easy reading, but fre- 
quently the exercises are very well designed to 
supplement the text. Other exercises vary from 
simple logical extensions of the preceding sections to 
difficult problems which only a very good student 
could be expected to solve without assistance 
Rationahzed MKS A units are used throughout the 
book, although some of the formule are also given 1n 
what must still be regarded as their more famihar 
form, and there is a useful appendix of atomic con- 
stants m MKSA_ umts E STANLEY 


Directory of Nuclear Reactors 

Vol 1. Power Reactors Pp ix+214 (Vienna 
International Atomic Energy Agency, 1959) 73 50 
schillngs, 21s , 3 50 dollars 


i eae directory makes available the important 
details of power-reactor projects, throughout the 
world, which will be produemg electric power by the 
end of 1962, reactors with an electric power output 
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of less than 2 MW are not included Information is 
presented for each reactor under the followmg bead- 
ings general, reactor physics, core, fuel element, 
heat transfer, control, reactor vessel, fluid flow, 
shielding, containment, turbo-generator, cost and 
staff In almost every case diagrams are also provided 
of the fuel element, two sections of the reactor, and the 
fluid-flow sheet for the system The information 1s 
as up to date as can be hoped for, 1n every case, 
except one, 1b 1s dated between December 1958 and 
Apri 1959 Useful conversion charts and space for 
notes are also provided The directory 1s comparable 
with & similar compilation published a month earlier 
by the American Society of Mechanical Engineers 
It is better than the American publication m that the 
information on any particular reactor is fuller and 
more reactors are covered, for example, the Russian 
reactors are included 

The book 1s very good value for its price, but a more 
substantial backmg would be an improvement as the 
present one is very liable to damage A mmor pomt 
is that a conversion scale from mulls to pence would 
also be a help The few mistakes noted were all 
trivial In general, such a directory 1s required, the 
International Atomic Energy Agency appears to be 
the best organization to carry out such work, and the 
first volume is a good start A J SALMON 


The Birds 

By Oskar and Katharma Hemroth English edition 
prepared by Michael Cullen Pp 175 (London 
Faber and Faber, Ltd , 1959) 18s net 


RNITHOLOGY provides many fascinatmg prob- 
lems, such as how birds mate, migrate, eat, sleep, 
and so on, which are a source of interest to an increas- 
mg number of people Lack of easily available and 
authoritative mformation has given rise to a number 
of popular misconceptions Mr Cullen states that 
Oskar Hemroth knew this because of his contact 
with people at the Berlin Zoo, where he was curator 
for many years ‘That 1s the reason given for the book 
which Hemroth published ın 1938 and which was 
revised by his wife in 1954 after his death m 1945 
It 1s said that in this English edition certam parts of 
the text have been brought up to date 
Though mainly and intentionally limited to certam 
aspects of bird biology in which Hemroth was particu- 
larly interested, for example, the development of 
nestlings, a wide range of information 1s provided 
which will satisfy the curiosity of many who want to 
know more about birds than merely their names 
There is ample scope for works of this kind, which are 
singularly lacking among the numerous bird-books 
Although appreciating the value of this one and the 
skill of the translator, one regrets that a need should 
have to be satisfied ın this way, for translations, 
mevitably, lack the freshness of original thoughts 
It is a pity that the wealth of present-day photo- 
graphy was not used to give the illustrations a modern 
look 
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Mineralogical Study on Clays of Japan 
By Dr Toshio Sudo Pp vu--328 (Tokyo Maruzen 
Co, Ltd , 1959) 2,000 yen; 10 dollars 


HOSE who have followed the 1ecent literature 
on the clay mmerals of Japan will be aware of 
the outstandmg contribution made by Dr Sudo 
and his collaborators They wil probably welcome, 
as does the reviewer, this collected account of his 
researches Although much of this matemal has 
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already been published m various Japanese and 
foreign journals, its re-publication m volume form 1s 
justified on grounds of convenience in reference 

The author has been quite unmhibited m his 
approach, and this book, bemg a report on research 
in progress, will inevitably be found wide open to 
criticism oa many points Numerous details will 
have to be revised later, by the author himself or 
other workers But m its imagmative application of 
up-to-date techniques, the book 1s almost a model 
In most chapters, the reviewer found thmgs to set 
hım thinking along new limes, as well as thmgs to 
disagree with 

Most of the book ıs devoted to specific mimerals 
and clay deposits The first seven chapters are 
general in nature, and the reviewer feels less happy 
about them Arguments, at times hard to follow, 
often seem to tail off mconclusively 

The presentation. 1s excellent, but the book needs 
an. alphabetical index, even though there is a very 
full table of contents The language 1s, alas, only 
adequate at best, and at worst verges on unintelli- 
gibihty The number of piinting errors ıs more than 
would be tolerable in an English or American book 
We cannot expect authors to be expert lnguists 
Surely the blame iests with the publshmg house, 
which 1s one of mternational repute If they publish m 
English, they should ensure that adequate lmguistie 
assistance 1s available D M C MACEWAN 


Progress in Organic Chemistry 
Vol 4 Edited by Dr J W Cook 
Pp 1ix—266 (London 
Publications, New York 
1958) 50s , 8 80 dollars 
HE choice of subjects for this volume 1s sigmifi- 
cant m that i5 reflects the present dommnating 
position of natural products m organic chemistry 
Also symptomatic of current thinking 1s the melusion 
of biogenetic considerations in both a predictive and 
interpretative role Of the four chapters devoted to 
natural products the most extensive is a very fully 
documented account by A H Cook and G Harris on 
the degradation and synthesis of peptides and pro- 
tems F D Gunstone reviews naturally occurring 
unsaturated fatty acids Notable here aie the 
stereospecificity of recent synthetic procedures and 
the large emerging group of acids from compositous 
plants and micro-organisms, presenting a spectrum of 
ethylemeclay, acetylenic and allenic unsaturation 
2-Acyleyclohexane-1 3-diones from sow ces as diverse 
as the male fern, hop resms and certam essential 
oils are discussed by C H Hassall in a chapter which 
also meludes the widespread lichen constituent 
usm acid, the recent synthesis of which underlies 
the probable role of oxidative phenohe couphng m 
biosynthesis That this concept may have wider 
significance 1s apparent from recent work on the 
spirocoumaranones griseofulvm, geodm and erdin 
which, together with methylene qumones, chromeno- 
pyrones and depsidones, are meluded in a chapter 
by W B Whalley on oxygen heterocyclic fungal 
metabolites F G Mann surveys recent syntheses 
of phosphorus, arsenic and antimony heterocycles, 
mostly from his own laboratory B and A Pullman 
contribute a theoretical discussion of free valency and 
correlate ıt with a selection of physical and chemical 
properties m aromatic hydrocarbons Once again 
the chapters of this book reflect the erudition and 
enthusiasm of experts discoursing within their chosen 
fields of mterest K H Overton 
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RECENT WORK ON THE ELECTRON MICROSCOPY 
OF VIRUSES* 


By Dr. KENNETH M SMITH, CBE, F.RS 


Agricultural Research Council Virus Research Unit, Cambridge 


dp conception of a virus as a mysterious, almost 
supernatural, entity dating from Mayer’s studies 
on. tobacco mosaic virus m 1886 persisted up to quite 
recent times, and learned discussions were held as to 
whether viruses were particulate or not No one, 
however, suggested what they were if they were not 
particulate, and Beijermck’s famous conception of a 
“contagium vivium fluidum” was stil quoted As 
lately as 1932, T M. Rivers stated wrth a good deal 
of justification that the size of no virus was accurately 
known 

The first indication of the shape of & virus was 
given by two American workers, Takahashi and 
Rawlins, m 1933, who observed that the sap of a 
tobacco plant infected with the mosaic disease showed 
the phenomenon of double refraction when made to 
flow and viewed by polarized hght This mduicates 
that the sap contamed rod-like entities, an observa- 
tion amply confirmed m later years 

Apart from the so-called elementary bodies of 
certain animal virus diseases which came within the 
resolution of the optical microscope, the first actual 
pictures of a virus particle were made by Barnard 
with lus ultra-violet hght microscope It was only 
possible, however, to resolve some of the larger 
animal pox viruses, and no details of the particles 
could be seen It was not until the mvention of the 
electron microscope that any conception of what a 
virus really looked like was obtamed 

The improvements m the electron microscope and 
the developments 1n the techniques for the study of 
viruses durmg the past ten years have been very 
great, and it 1s only possible to indicate them here 
without any technical description. 

The first virus to be observed on the electron 
mueroseope was that of tobacco mosaic, and the 
particles were shown to be rod-shaped, as had been 
predicted earlier by other methods The first electron 
micrographs of this virus showed only that ıt was a 
rod-shaped particle and no other details were visible 
It 1s by comparing these early pictures with modern 
electron micrographs of the same virus that some 
idea is obtamed of the great advances which have 
been made m electron microscopy 


Metal Shadowing 


Willams and Wyckoff developed a method of 
shadow-casting m which metal, evaporated from an 
electrically heated filament m a vacuum, impinges on 
a specimen from a sufficient distance so that the 
metal atoms arrrve in almost parallel straight lines 
The metal, bemg more opaque to the electron beam, 
casts a shadow, thereby giving a three-dimensional 
effect to the objects, this gives micrographs which 
are a great umprovement on the flat and rather 
characterless pictures previously obtamed Metals 
for shadow casting should not show a granularity 


* Substance of a University of London Special Lecture delivered on 
October 29 


which might obscure the structural detail of the 
object, several have been used, and they melude 
chromium, gold and platinum alloys, and uranium 


Thin Sections 


The development ot the ultra-microtome for 
cutting ultra-thm sections has marked a great 
advance m electron microscopy In the early days 
sections were cut at a high speed and of a wedge 
shape, the thm end only bemg exammed Nowadays, 
however, the technique has become almost ordimary 
laboratory procedure There are various types of 
ultra-microtomes on the market, one or two still 
make use of steel knives, but the glass knife, made 
by fracturmg a strip of plate glass, m more widely 
used Recently, the diamond knife, made from a 
polished mdustrial diamond, has become popular 
The advantages of this are its extreme hardness, its 
durability—zt can be used continuously instead of 
only once as with the glass knife—and tts surtabilty 
for cuttang hard objects Very fine results have been 
achieved with the diamond knife but 1t requires great 
care m its manipulation (Figs 1 and 2) 

A good operator with either glass or diamond 
knives should be able to cut sections of 300—400 A 
in thickness 

The embeddmg medium is moportant, the most 
popular bemg a plastic made by the polymerization 
of butyl and methyl methacrylate? Other media are 
“Vestopal’ polyester resm and ‘Araldite’ epoxyresin‘, 
all these require dehydration with ethanol Just 
recently, however, another embeddmg medium, to 
which the name *Aquon' 15 given, has been described , 
this medrum ıs muscible m water and avoids the 
necessity of using dehydrating agents® 


New Staining Methods 


The standard method of fixmg virus materials for 
electron microscopy is to use buffered 1 per cent 
osmium tetroxide, and this acts as a stam as well as 
a fixative Recently, however, a number of new 
stammg techniques have been developed , one of the 
most successful of these 1s phosphotungstie acid, and 
Selby* has used this acid at a concentration of 1 per 
cent adjusted to pH 54 Other useful stains are 
1 per cent phosphomolybdie acid buffered at pH 5 4 
with phthalate buffer’, chrome gallocyanm®, 0 1 M 
ferric ehlonde?*, mercuric bromophenol blue! and 
0 5 per cent uranium acetate buffered at pH 6 1 with 
veronal acetate buffer! The last-named has proved 
very successful with insect virus sections 


Supporting Films 


For several years the standard supporting film on 
the grid was one of collodion or ‘Formvar’, and these 
are still used for routme work The increasmg 
resolution of the electron microscope and the de- 
creasing thickness of the sections, however, led to 
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Fig. 1 


Fig. 1. Ultra-thin section of a blood cell from the larva of Tipula 
the virus has left the nucleus where it develops and has become 


x 10 
Fig.2. Similarseetion to Fig. 1 showing peculiar virus inclusions in the blood cell, 


diffieulties and it became necessary to find another 
substrate. Carbon films'* made by boiling carbon in 
a vacuum have proved very satisfactory ; they have 
virtually no structure to confuse the issue at high 
magnifications, and they are more resistant to the 
electron beam and do not volatilize and foul the 


gun. 
Carbon Replicas 


Several replica techniques have been devised since 
the electron microscope became a laboratory tool, 
but except for specialized work the carbon replica 
has proved the most successful. This technique was 
first suggested by Mühlethaler, but has been brought 
to its present high standard by Bradley, working at 
the A.E.I. Research Laboratory at Aldermaston. 
The carbon replica technique is a single-stage process 
in which the suspension of material to be replicated 
is dried down on to a ‘Formvar’-coated grid. This is 
coated with carbon from a source normal to the grid 
surface and the material removed. The source of 
carbon consists of two pointed carbons, spring-loaded 
and touching at the points. A heavy current is then 
passed across and a spot temperature of 2,000° C. is 
reached ; the carbon boils and a thin coating of 
structureless carbon is deposited on the grid. The 
*Formvar' and material are then removed by their 
respective solvents (Fig. 3). 
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aludosa, the crane fly, infected with a nuelear polyhedral disease ; 
uded in the polyhydral crystals surrounding the nuclear membrane. 
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This technique has been applied in various fields 
and a resolution of 7 A, has been obtained. 


Freeze Drying 


The most serious source of structural deformation 
in biological specimens is the force of surface tension, 
and attempts have been made to adapt the old- 
established technique of freeze drying to electron 
microscopy. Two methods are current, one devised 
by Anderson?? and the other by Williams". 

Anderson's technique avoids surface tension forces 
by drying out in liquid carbon dioxide. The specimen 
is fixed in osmic acid vapour, dehydrated and finally 
obtained in a suspension with amyl acetate. The 
amyl acetate is washed out with liquid carbon 
dioxide under 30^ C. The temperature is raised 
through the critical point of carbon dioxide (31? C.) 
and pressure released. This method suffers from the 
fact that changes in the specimen have been brought 
about by the introduction of solvents. 

Williams's method is more suited for general work. 
A suspension of the liquid is sprayed on to a carbon- 
coated copper disk held at the temperature of liquid 
nitrogen. The disk is put in a vacuum, the tempera- 
ture raised to —50° C., and the ice allowed to sublime. 
The carbon film is removed and placed on specimen 
grids ready for examination, 


E m 


- By. the application of these modern techniques to 
the.electron microscopy of viruses, it is now possible 
to obtain information on the following aspects : 
(1) size and shape of virus particles ; (2) topography 
vof virus particles; (3) surface detail; (4) internal 

structure ; (5) methods of replication ; (6) behaviour 
Of viruses in the cell; (7) virus crystals; (8) 
latent viruses. 


Size and Shape 


| © Since little internal structure is visible in whole 
virus particles, most of the information on their size 
and shape has been obtained from shadowed speci- 


“omens. Variations in size and shape are considerable ; 


as we have already seen, some of the plant viruses 
are rod-shaped, that of tobaceo mosaic virus measures 
15 my x 300 mp. Other rod-shaped plant viruses 
include potato viruses X and Y and a number of 
soil-borne viruses, some of which are latent in their 
;, plant hosts. 
|^ Many plant viruses are spherical or nearly spherical, 
and are very small; examples are the viruses of 
tomato bushy stunt, Southern bean mosaic, turnip 
yellow mosaic, tobacco ringspot and squash mosaic, 
all of which range in size from 30 to 27 my. These 
very small viruses are extremely uniform in size and 
shape and so are easily obtained in crystalline form. 
While the majority of the viruses affecting animals 
and the higher plants are either rod-shaped or nearly 
spherical, a number of the bacterial viruses are 
tadpole- or sperm-shaped with a ‘head’ and a 
‘tail’. 

Air-dried preparations of virus particles in the 
electron microscope are apt to show distortion and 
appear smaller than they actually are. Accurate 
estimation of size, therefore, ean only be made on 
frozen-dried specimens. 


Topography of Virus Particles 


It was suggested by Crick and Watson that all 
small viruses are built up on a framework of identical 
; protein sub-units packed together in a regular 
manner. They showed that three types of symmetry 
are possible for spherical viruses, namely, tetra- 
hedral, octahedral and icosahedral. 

Although many of the smaller viruses present a 
polyhedral appearance, it requires a combination of 
the freeze-drying and double-shadowing techniques 


to give the three-dimensional shape of the particle. 


A good example of this is provided by the Tipula 
iridescent virus, which even in air-dried specimens 
presents an almost perfect hexagon or pentagon. 
Although this virus is rather large, it exhibits 
such extreme uniformity of size that it easily 
crystallizes. 

It has been shown by Williams and Smith!’ that 
the particle of this virus is an icosahedron with 
twenty sides. A cardboard model of an icosahedron 
was made and shadowed by two light-sources separ- 
ated 60° in azimuth and orientated so that an apex 
of the hexagonal contour points directly towards 
each light source. Under these conditions two shadows 
are thrown: one has five sides and is blunt-ended and 
the other has four sides and is sharp-ended. When 
a frozen-dried particle of Tipula iridescent virus is 
treated similarly, two shadows identical with those 
thrown by the model are produced. By means of 
this shadow-analysis, it is proved that the Tipula 
iridescent virus particle is an icosahedron. 
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^ Surface Detail i] 


Until recently the amount of external structure of : 
virus particles which could be seen on the electron 
microscope was somewhat disappointing. It was not 
possible, for example, to make out the helical struc- 


ture of the tobacco mosaic virus rod as revealed by —— 


X-ray studies. The new staining methods, however, 


especially negative staining with phosphotungstie 2 : | 
By this. | 


acid", have given much improved results. 
means the arrangement of the protein sub-units of 


the virus particle can be visualized directly on the. P 


microscope. : 

Particles of adenovirus, type 5, have been examined 
in this way. At high magnification the particle has: 
a roughly hexagonal outline and is clearly facetted, 
each facet being an equilateral triangle with a side 
consisting of six sub-units. The presence of triangular 
facets immediately excludes a dodecahedral form. 
and suggests that the particle is an icosahedron. 
A model of an icesahedron with a side of six sub- 
units was built from table-tennis balls, and the’ 
arrangements of the sub-units in the virus particle 
and the model are identical. Herpes virus shows a. 
similar sub-unit structure, but the sub-units appear 
to be hollow and ring-shaped. 

The same technique has been applied to one of the 
bacterial viruses, ọ X174, which apparently has a 
nearly spherical shape without the ‘head’ and ‘tail’ 
of the T-even 'phages!*. 
"phage suggest that it contains a shell of twelve 


‘knobs’ arranged regularly as on the faces ofa ae 


regular dodecahedron. This is based on the observa- 
tion of one apical and five surrounding peripheral 
knobs with the suggestion of a second underlying 
tier similarly arranged. 

It has been suggested by Klug, Finch and Franklin® 
from X-ray data that the particle of turnip yellow 
mosaic virus is a snub dodecahedron made up from 
sixty spherical sub-units. Electron micrographs of 
this very small plant virus by Brenner and Horne 
using negative phosphotungstic acid staining show 
the presence of a number of sub-units. 

A characteristic of the insect viruses is the presence 
of membranes surrounding the virus itself and the 
various ancillary structures associated with them. 

In the early stages of infection with one insect 
virus, the Tipula iridescent virus, there occur many 
empty shells, the significance of which is discussed.: 
later. By means of phosphotungstic acid stainin, 
these shells appear to consist of a double membrane, 
two concentric hexagons. In addition, by negative 
phosphotungstic acid staining, protein sub-units on 
the surface of the full or apparently mature virus 
particles become visible. 


Internal Structure 


Improvements in the technique of cutting ultra- 
thin sections not only allow sections to be cut of the 
virus particle itself but also of serial sections through 
one particle. This obviously is one way of examining 
the internal structure of the virus, but the difficulty 
here is that the electron microscope cannot differ- 
entiate between the chemical constituents of the 
virus. Sections do, however, reveal differences in 
structure and quantities of contents and, as we shall 
see, show up the empty virus particles. 

Another method is to treat the virus particles 
with enzymes which dissolve away the protein 
covering and leave behind the nucleoprotein. 
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Fig. 3 
Fig. 3. 
Fig. 4. 


For studying the internal structure of virus par- 
tieles by ultra-thin sectioning it is, of course, better 
to choose the larger viruses, although this technique, 
using à diamond knife, has been applied to tobacco 
mosaic virus?!, 

Ultra-thin sections of vaccinia and fowl-pox viruses 
reveal a limiting membrane, a dense eccentrically 
placed body and a finely granular matrix. Sections 
of these viruses at a later stage seem to reveal 
developmental changes in which an elongated body 
surrounded by dense material can be seen**. 

Thin sections of the Tipula iridescent virus reveal 
a variety of different forms ranging from apparently 
empty shells to the mature virus with its two con- 
centric hexagons. 

The rickettsim, which strictly speaking should not 
be regarded as true viruses, are very suitable for this 
type of study. Thin sections of purified Rickettsia 
burnetii reveal a limiting membrane within which lie 
a granular region and a dense central body. The 
configuration of the central body suggests that it 
may consist of an elongated and irregularly twisted 
strand*’, 

The method of digesting the protein covering and 
observing the residue by means of the electron 
microscope has only been applied to the larger 
viruses. When the influenza virus was treated on the 
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Carbon replica of an air-dried microcrystal of the Tipula iridescent virus. 


x 70,000 


Ultra-thin section of fat-body from a larva of Tipula paludosa infected with the iridescent virus; note how the virus avoids the 
nucleus and how the particles are orientated in regular array. 


x 10,000 
Electron micrographs Figs. 1-4 by G. J. Hills 


microscope grid with various enzymes, the nucleo- 
protein component was left behind in the form of an 
irregular ring built of long threads. A similar result 
has been obtained with the virus of Newcastle 
disease of fowls, and when stained with phospho- 
tungstic acid the ring showed a number of dark 
lines, possibly representing the iracks along the 
protein to which the long nucleie acid moleeule is 
bound'?!, 


Methods of Replication 

The way in which viruses reproduce themselves 
has always been a subject of great interest and it is 
only recently that definite information on this subject 
has been obtained. Although we know that they do 
not grow and divide but replicate themselves from 
their genetic material, it is probable that the method 
of replication is not the same for all viruses. The 
most precise information has been obtained on the 
multiplication of the T'-even ‘phages, and their method 
of replication is closely bound up with their possession 
of a ‘head’ and ‘tail’. The ‘phage particle attaches 
itself to the bacterial cell wall which it penetrates 
and the deoxyribonucleic acid contents of the head 
pass down into the bacterium?**, What happens next 
has been well shown by Kellenberger e£ al.?*. They 
used a 1 per cent osmice acid fixative dissolved in 
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: acetate veronal buffer, stained their preparations 
> Meith uranyl acetate and embedded for sectioning in 


5 fVéstopal W'. In an infection of Escherichia coli by 
VOY phage, the breakdown of the bacterial nucleus 
“is accompanied by the formation of marginal vacuoles 
“eontaining deoxyribonucleic acid, from which the 
‘pool of "phage deoxyribonucleic avid develops some 
minutes later. The phage deoxyribonucleic acid 
starts to increase 6-7 min. after infection. Then, 
about 9 min. after infection, the protein precursors, 
| immature ‘phages and finally, at 13 min., complete 
(phage particles appear in the infected cell. 
'. Ultra-thin sections of the fat-body of a larva of 
vo Tipula paludosa infected with the iridescent virus in 
,, an early stage of the disease reveal few virus particles 


but large numbers of empty or partially empty 


5; shells, Some of these membranes contain a few 
: threads, others a central body which varies in size 
from a small granule to & darkly staining mass 
filling the membrane. It has been suggested that 
| these empty membranes may represent a stage in 
the development of the virus ; the assumption being 
that the membranes form first and the nucleoprotein 
is afterwards introduced into the empty shell In 
sections fixed in formalin it is possible to see the 
membranes apparently being formed from the sub- 
strate. 


Behaviour of Viruses in the Cell 


The technique of ultra-thin sectioning has allowed 
the virus to be observed in situ in the cell, and a 
good deal of information on its behaviour has been 
obtained. Perhaps the least successful in this direc- 
tion have been the studies of viruses in plant cells. 
This is partly due to the difficulty in distinguishing 
between the virus and the normal cell constituents 
and is particularly true of the very small plant 
viruses. It occasionally happens, however, that the 
virus may be concentrated in a small area and then 

becomes easily visible. In ultra-thin sections of 
Datura stramonium infected with tomato bushy stunt 

virus, miero-erystals of the virus may sometimes be 
seen. 

lt is much easier to observe the animal viruses in 
the cells, particularly when grown in tissue culture. 

Certain insect viruses, too, are very suitable for 
: observation in thin sections of infected tissue. 

It was shown by Morgan et al., by means of 
sections of chorioallantoic membrane cells infected 
with herpes virus, that the virus differs slightly 
according to whether it is in the cytoplasm or the 
nucleus of the cell. The intracellular cytoplasmic 
particles consist of a dense central body, surrounded 

. by a double membrane. In the nucleus; however, the 
particles contained the same central body but only 
Jono membrane. 

The rate of development of herpes virus has been 

followed in cultures of HeLa cells. Samples of cells 
"exposed to heavy infection were sectioned and exam- 
ined for virus at successive time intervals after 
infection. No increase in infective virus was found 
in the cultures at 9 hr., but at 12 hr. new virus 
appeared in the cell fraction and particles were found 
in the nuclei of two of twenty-five cells. At 26 hr. 
after infection and later, large numbers of virus 
particles were present in both nucleus and cytoplasm 
and on the cell surface?’. 

Sections of fat-body from the larve of the fly 
Tipula paludosa infected with the iridescent virus 

. reveal enormous quantities of virus in the eytoplasm 
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of the cell but never in the nucleus. The concentration 


of the virus is such that it forms liquid crystals in 
the living insect, giving rise to a characteristic blue > 
or violet iridescence (Fig. 4). 


Another virus found attacking the same fly larva __ 
causes a polyhedral disease, so-called because of the ^. 
polyhedral bodies which develop in the tissues and ^ | 


which contain the virus. They are protein crystals, 
not virus erystals. In this disease the virus develops 


in the nucleus of the blood cells and not, like the. . 


foregoing, in the cytoplasm. The virus particles are 
rod-shaped and are enclosed in a membrane, After 
formation in the nucleus, the virus rods become ` 
oecluded in the polyhedra, which lie on the outside 
of the nuclear membrane (Fig. 1). 


Virus Crystals 
Because of their small size and great uniformity, . 


a number of viruses have been obtained in crystalline 


form. This is particularly true of the plant viruses, 
and examples are those of tomato bushy stunt, 
tobacco necrosis, turnip yellow mosaic, Southern 
bean mosaic and others. The crystals of tobacco | 

necrosis virus are very suitable for electron micro- 
scopy because of their flat shape and resistance to: 
the electron beam. Replicas of these erystals show 

clearly the orientation of the virus particles in the 
crystalline lattice. : 

After the crystallization of the plant viruses, the. 
production of some animal viruses in the crystalline 
state passed without much comment. The first of 
these viruses to be crystallized was that of polio- 
myelitis and the next the Tipula iridescent virus. 
Crystalline inclusions of herpes virus and adenovirus 
have also been observed?*. The crystal structure of 
Tipula iridescent virus is face-centred cubic with the 
particles held at a distance apart by long-range: 
forces. These crystals show Bragg reflexions of 
visible light and are responsible for the blue or violet 
colour of infected larve. 

We have seen already that many of the small. 
viruses are polyhedral in shape. Electron micro- 
graphs of replicas of a plane surface cut through the 
interior of a single erystal of poliomyelitis virus show 
this very wells, 


Latent Viruses 


Latent infection is an interesting phenomenon. 
which oecurs commonly. It is frequently met with 


in plants and even more frequently in insects, while 


so many new viruses have been discovered in the 
exeretions of man and monkey that they are known 
as 'viruses in search of a disease'. 

On the whole, attempts to visualize latent viruses 
in situ on the eleetron microscope have been dis- 
appointing, though rod-shaped particles have been 
observed in healthy plants. 

It does not seem possible to stimulate a truly 
latent plant virus into activity ; it is necessary to 
inoculate it into another host in order to produce a 
disease. This, however, does not apply to latent 
virus infeetion in insects, which can be ‘triggered off? 
in à variety of ways. This phenomenon has been 
well demonstrated during cross-inoculation studies. 
It frequently happens that larve, which have been 
inoculated with a foreign virus, die of a virus disease. 
Examination, however, may show that the virus 
which killed the larva was not the one injected but 
a latent infection stimulated by the foreign virus. 
This phenomenon has interesting repercussions, 
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because 16 may be used to obtain new viruses from 
insect orders m whieh no virus disease has been 
recorded For example, until recently no virus had 
ever been found in the order Neuroptera, but now 
two or more have been discovered m the carnivorous 
larvee of Chrysopa and Hemerobvus, better known as 
‘lacewmg flies’ or ‘golden eyes’ Ther predacious 
larve hve mamly on aphids but can be mduced to 
feed on pieces of caterpillar mfected with a poly- 
hedral virus disease <A fairly high percentage of 
the larve that do this die about ten days later from 
a very simular polyhedral disease (Sidor, C , unpub- 
lished work, see also ref 29) 

It has long been an axiom that msect viruses were 
very specific and that transmission to other species 
did not oecur or only rarely did so Experments to 
test the truth of this were difficult, owmg to the 
complication of latent infection referred to above 
However, this difficulty has been overcome with the 
discovery of the Tipula mideseent virus; this gives 
the opportunity of repeatmg the cross-transmission 
studies m a way that avoids the possibility of con- 
fusing latency with transmission It 1s unique in. the 
sense that from an mfected msect the virus can be 
isolated m the form of a brilhant midescent pellet 
No other known msect virus has this property, and 
so Tipula mdescent virus can be used as a marker 
and identified with certamty With this virus i6 has 
been possible not only to infect a number of very 
different fly larvæ but also to transmit the virus back 
and forth between three different orders, the Diptera, 
Lepidoptera and Coleoptera*? 
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COMPARATIVE STUDIES OF ULTRASTRUCTURE IN BIOLOGY 


HE success with which the electron microscope 

has been used in biological research durmg the 
present decade was usefully brought to the attention 
of a wide variety of biologists by the Lmnewan 
Society of London when it organized a one-day 
symposium entitled “‘Comparatrve Studies m Ultra- 
structure", held in the British Museum on April 24 
Presenting his paper, “Microsomes and Rubo- 
nucleoprotem Particles”, Dr G E Palade (Rocke- 
feller Institute, New York) began by surveymg the 
research which set the stage for ons of the out- 
standing achievements of electron microscopy, the 
identification of certam small particles m the cyto- 
plasm of cells of many different kinds as the sites at 
which one of the steps m protem synthesis 1s very 
probably carried out The advances 1n the techniques 
of specimen preparation which made this possible, 
and had also benefited the other mvestigations dis- 
cussed m this symposium, were m several mstances 
due to work carried out at the Rockefeller Institute 
At the time when electron microscopy began to be 
apphed to the problems of cell growth and the 
manufacture of secretory products by cells, 1b was 
believed that ribonucleic acid was mtimately con- 
cerned It was also known that the sites of this 
substance m the cytoplasm were basophile, and that 
mucrosomes (one of the cell components isolated by 
fractionation procedures) were rich in ribonucleic 
acid Dr Kerth Porter and Dr Palade and ther 


colleagues then discovered the submicroscopie ‘endo- 
plasmic reticulum’ m the mtact cell, identified 1t 
with the basophilic material seen im the light micro- 
scope and showed that the microsomes were derrved 
from ıt Palade observed that the membranes of the 
reticulum often, but not always, carried numerous 
small dense particles, about 150A m diameter 
Using electron optical and biochemical techniques m 
parallel, Palade and Siekevitz demonstrated that 
these smal! particles were rich 1n ribonucleic acid and 
that the basophilia of cytoplasm and the ribonucleic 
acid content of microsomes were due to these 
ribonucleoprotem particles and not to the mem- 
branes of the reticulum But not all the particles 
are attached to the membranes, many he ‘free’ m 
the cytoplasm 

Meanwhile, 1t had been shown by other workers 
that moicrosome preparations could  moorporate 
labelled ammo-acids mto ther protems Palade and 
Siekevitz have recently studied the synthesis of 
chymotrypsmogen and trypsmogen and the turnover 
of ribonucleic acid m pancreatic cells Various cell 
fractions (microsome-attached ribonucleoprotem par- 
ticles, ‘free’ ribonucleoprotem particles, ‘soluble’ 
ribonucleic acid, eto ) have been separated and their 
radioactive isotope and enzyme contents measured 
The results clearly umpheate the ribonucleoprotem 
particles in enzyme manufacture and suggest that 
their role may be to arrange activated amimo-acids 
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in specific sequences in the polypeptide chams of the 
protems they are synthesizing 

The recent technical advances m the preparation 
of tissues for electron optical studies were admirably 
illustrated m a paper on “The Fme Structure of 
Vertebrate Neurons and Their Processes” by Dr 
S A Palay (US National Institutes of Health, 
Bethesda) He gave a detailed description of the 
neuron and biought out the subtle differences in 
structure between axons and dendrites on which 
depend the interpretation of the very complex 
pictures seen m electron miciographs of bram 
sections Thus, dendrites contam large numbers of 
long tubules, about 200 A im diameter, and clumps 
of Nissl substance, that 1s to say, endoplasmic 
reticulum bearing ribonucleoprotem particles Axons, 
on the other hand, are distinguished by large numbers 
of neurofilaments, about 100 A m diameter, Nissl 
substance is absent These neurofilaments have 
approximately the same dimensions as the fibrous- 
protem molecules isolated by Maxwell and his col- 
leagues from the axoplasm of the giant nerve-fibres 
of squd Dr Palay attributed the positive bire- 
frmgence of axoplasm to the neurofilaments because 
he found that this optical property 1s enhanced by 
lipid extraction 

Among other features discussed in this paper was 
the structure of synapses, characterized by the ın- 
creased density of the apposed cell membranes and 
by the presence of numerous small granules on the 
presynaptic side, together with rmtochondii& and 
elements of the endoplasmic reticulum 

Durmg the past few years evidence has been brought 
togethe: from several somces to show that cross- 
striated myofibiils are made up of a longitudmal 
series of alternating arrays of myosin and actin 
filaments, giving rise to the A and Z bands , further- 
more, that these arrays partly overlap in the A bands, 
and slde into or out of each other as the muscle 
changes its length, the protem filaments themselves 
staying at constant length This evidence has led to 
the shding filament hypothesis of muscular con- 
traction, which 1s based on biochemical and physio- 
logical as well as structural mformation The 
hypothesis has recerved strong support from the 
results of electron microscopy, which have ievealed 
the spatial relationships of the two kinds of filaments 
and shown the existence of oross-bridges between 
them This work (by H E Huxley) and mformation 
obtamed by Hanson and Huxley by different methods 
(which confirm and extend the interpretation of the 
electron micrographs) were ieviewed in a paper 
entitled “Comparative Studies in the Contractile 
Structures of Striated and Smooth Muscles”, by J 
Hanson, H E Huxley and J Lowy (Medical Research 
Couneil, King’s College and University College, 
London) 

The shding filament hypothesis was based on 
studies of vertebrate skeletal muscles, and until 
recently too little was known about smooth muscles, 
or about any other contractile system, for one to be 
able to say whether or not a slidmg filament mech- 
anism 18 a special property of striated muscles But 
Hanson and Lowy have now found that in three 
different types of smooth muscles (the byssus 
retractors of the mussel Mytilus, the translucent 
part of the adduetoi of the oyster, and the funnel 
retractor and mantle muscles of the squid) the con- 
tractile apparatus consists of two kinds of filaments 
hnked by bridges which resemble those seen m elec- 
tron micrographs of cross-striated muscles In all 
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these smooth muscles one kind of filament 1s about 
50 A in diameter, like the actin filaments of striated 
muscles The othe: kind of filament is thicker, the 
diameter varying fiom one type of muscle to another 
In the case of the Mytilus byssus ietractors, a com- 
parison of extended and contiacted muscles, cut 
transversely, has shown that neither the diameters 
of the thicker filaments no: them numbers (in uni 
area) change as a result of length changes in the 
muscle These findings indicate that the thicker 
filaments are discontinuous along the fibre and do 
not contract Such electron optical evidence (together 
with certam results fiom X-ray diffraction and light 
mucroscopy) strongly suggests that these smooth 
molluscan muscles contract by a sliding filament 
mechanism (However, the smooth muscles of verte- 
brates, of which Mis C Schoenberg showed some elec- 
tron micrographs m the discussion following this paper, 
apparently possess only one kind of filament, about 
50 A m diameter, and no bridges have yet been seen ) 
The rest of the paper dealt with work done by 
Hanson and Lowy on the structure of several mol- 
luscan muscles which show various degrees of 
tonicity, that is to say, the ability to mamtam a 
steady high level of tension for prolonged periods of 
time These comparative structural mvestigations 
have been carried out in parallel with experimental 
studies on the mechanical properties of the muscles 
It has been found that the more tonic a muscle is, 
the longer tension persists after stimulation has ended 
and the active state has decayed to zero Thus, in 
the tonic anterior byssus retractor of Mytilus, the 
decay of tension can be two orders of magnitude 
slower than that of the active state, whereas m non- 
tome muscles lke the frog sartoiius, or the smooth 
funnel retractor of Octopus, the time scales of the two 
processes are of the same order of magnitude 
Electron optical studies show that muscles such as 
the funnel retractois of cephalopods contain well- 
differentiated myofibrils and sarcoplasmic reticulum, 
and that ther filaments are regularly packed and of 
relatively small diameter (about 100 A and 50 A) 
In these features such muscles resemble vertebrate 
skeletal muscles, the chief differences bemg the 
absence of Z lmes and of any alignment of the two 
lands of filaments into transverse arrays At the 
other extreme, m a specialized tonic muscle like the 
anterior byssus rewaetor of Mytilus, the filaments 
are not grouped into fibrils, but aie mregulaly 
packed, and they vary greatly m diameter, the thicker 
ones (that 1s to say, those which are not of the 50 A 
kind) rangmg from about 150 A up to more than 
1000 A In addraon, such tonic muscles are dis- 
tmguished by the fine structure of ther thicker 
filaments This structure has been found to be due 
to the presence of large amounts of tropomyosin 
The problem now 1s to show if, and how, tropo- 
myosm is involved m the mechanism xesponsible for 
the tome specialization of smooth muscles, which 
contract similarly to non-tonie muscles by a shding 
filament mechanism 
One of the classical problems of muscle physiology, 
namely, the means by which the excitatory stimulus 
reaches the contractile elements mside a muscle fibre, 
has been brought a step nearer solution by the 
application of electron microscopy Several earher 
lgbt microscopists described transversely-orientated 
structures (as distinct from the longitudmal myo- 
fibnls and ther bands) m striated muscle, and 
already m 1881 Retzius had suggested that these 
structures were mvolved in excitation The greater 
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resolution of the electron mucroscope has made 
possible a more detailed study of these structures, 
which are now known as the ‘sarcoplasmic reticulum’ 
The recent work of A F Huxley (Cambridge) and 
his colleagues goes a long way towards showing that 
this reticulum, or probably one particular part of 
1b, 15 somehow concerned m conducting the excitatory 
stimulus 

In a paper entitled “Comparative Study of the 
Activation of Contraction in Muscle’’, Huxley de- 
seribed how isolated muscle fibres were viewed m 
an. interference microscope or im & polarizing mucro- 
scope, while the potential difference across the 
surface membrane was changed over a very small 
area by passmg current through a mucropipette 
in contact with the membrane It was found that 
excitation was conducted transversely (imwards 
into the fibre) only when current was applied at 
the levels of the Z lmes m frog fibres, and near 
the A I boundaries m crab and lizard fibres But 
responses were not obtamed everywhere as the miero- 
Pipette was moved around the perimeter of the fibre 
at these levels, mstead ıt was found that the sens- 
itivity was lumited to definite small areas Stimulation 
at these places resulted m local contractions which 
extended into the fibre for a distance several times 
greater than the length of the sarcomere, but did not 
spread longitudinally mto adjacent sarcomeres 
Effective stimulation m the frog fibre always resulted 
m an equal shortening of both halves of the I band, 
the Z hne remamung central, but m lizard or crab 
fibres ıt was possible to cause the Z lme to move 
towards one A band, its distance from the other A 
band usually mereasmg as this half of the I band 
was actually stretched All these results were 
elegantly and convmeingly demonstrated in emé 
films 
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Thermo-Nuclear Physics at Sydney 
Prof C N Watson-Munro, OBE 


Ma CO N Warson-Munro has been appointed, as 
from Janum y 1, 1960, to the chair of physics m the 
field of theimo-nuclear physics in the School of 
Physics, at the University of Sydney The chan 
normally will be vacant on the ietirement of Prof 
V A Bailey at the end of 1960, but provision has 
been made for the earlier fillmg of the char Ma 
Watson-Munro was bon at Dunedm, New Zealand, 
m 1915 He giaduated at Victoria University 
College, Wellington, with first-class honours, winning 
the Sir George Grey scholarship and later a Jacob 
Joseph scholarship for postgraduate research In 
1935 he jomed the Department of Scientific and 
Industrial Research, New Zealand, where he carried 
out origmal work on problems of seismology and 
geophysics at the Dommuion Physical Laboratory In 
1939 he jomed a team engaged on radar development 
of which he became the leader In 1941 he went to 
the United States and worked on radar research at 
the Massachusetts Institute of Technology before 
establishing the first New Zealand Scientific Liaison 
Office m Washmgton in 1942 Later that yem he 
returned to New Zealand to become the directo: of 
the New Zealand Rada: Development Laboratory 
Early m 1944 he was specially mvited to jom the 
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The location of the sensitive regions near the A I 
boundary m crab and lizard fibres, and the finding 
that only one half of the sarcomere shortens, suggest 
that the Z hne cannot be the structure concerned m 
conducting excitation Instead, ıb 1s probable that 
eertam differentiated elements of the sarcoplasmic 
reticulum—the ‘triads’ first described by Porter and 
Palade—are mvolved, because as Huxley showed in 
electron micrographs, these ‘triads’ are located at the 
Z lne level 1n flog fibres, and near the 4 I boundary 
in lizard £bres 

As the title shows, the symposium was planned to 
emphasize the value of the comparative approach to 
biological problems The papers on muscle illus- 
trated two successful appheations of this the 
identification of structures concerned with a given 
function (for example, transmission of stimulation 
into a muscle fibre) by comparmg systems where 
these functions are differently located, and the 
recognition of fundamental properties (for example, 
the structu1al features which are common to all kinds 
of contractile systems) by comparing muscles special- 
ized m different ways Simularly, a comparison of 
different kmds of cells, particularly mammalian, 
which vary m the intensity and distribution of cyto- 
plasmic basophila, helped to locate mbonucleie acid 
at the sub-mueroscopie level Also the amportance of 
gettmg away from stock laboratory animals and 
looking for other more suitable experimental material 
was brought out by the notable success of Di Palay 
m preparmg the central nervous system foi exam- 
imation in she electron microscope he chose to work 
on goldfish However, the only papers which dealt 
with invertebrate animals were those on muscles, 
and i$ was disappoimntang that in none of the papers 
was there any mention of plant cells 

J Lowy 
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Atomic Energy Research Project at the Chalk River 
Laboratories m Canada unde: the direction of Sn 
John Cockaoft He was laigely iesponsible for the 
design and operation of the first power heavy-water 
pie to be built Tiansferring m 1946 to the Atomic 
Energy Research Establishment, Harwell, he was, as 
principal scientific officer, in charge of the team 
responsible fox the design, construction, and operation 
of Britain's fast atomic pile, Gleep, a low-power 
graphite pile that was constructed in fifteen months 
and has pioved very successful He retuned to 
New Zealand ın 1948 to take charge of the Depart- 
ment of Screntific and Industrial Research Accepting 
the chair of physics at Victona University, Welling- 
ton, m 1951, Prof Watson-Munro became dean of the 
science faculty of that University in 19054 In 1955 
he was appomted chief scientist of the Australian 
Atomic Energy Commission responsible for the Lucas 
Heights Research Establishment which was con- 
structed under his supervision 


Theoretical Physics at Sydney 
Prof S T Butler 


De S T BUTLER has been appomted, as from 
November 2, 1959, to the chan of physics in the field 
of theoretical physics ın the School of Physics, at the 
University of Sydney This is a newly created chair 
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Dr Butler first studied at the University of Adelaide 
and graduated (BSc) m 1945 with credits im all 
subjects (physics, pure mathematics and apphed 
mathematics) He obtamed his first-class honours 
degree at Adelaide m 1946, and his MSc im 1947 
This latter was for theoretical work, 1n. collaboration. 
with the Physiology Department at the University 
of Adelaide, and involved an analysis of the transient 
responses of electronic equipment bemg employed m 
physiological and biological research In 1948 Dr 
Butler obtamed an Austrahan National University 
scholarship, and proceeded to the Department of 
Mathematical Physics at the University of Birmung- 
ham, England, to work under the supervision of 
Prof R E Peierls He remamed there until 
September 1951, obtammg his PhD from the 
University of Birmngham m June 1951 In Sep- 
tember 1951, Dr Butler took up a position m the 
Laboratory of Nuclear Studies at Cornell Univeisity, 
where he remamed for two years He then returned 
to Australia first to spend ten months at the Austra- 
han National University at Canberra, Australia, and 
then to take a readership at the University of Sydney 
Smce leaving Birmmgham in 1951, Dr Butler has 
made research contributions in several fields, including 
the low-temperature problems of liquid helium and 
superconductivity, and in the field of meson and 
strange particle physics Most of his work, however, 
has been m the field of nuclear reactions, not only 
furthermg his origmal work on strippmg reactions, 
but also as one of the origmators of the general 
field of direct nuclear reactions 


Scientific Adviser to the UK High Commissioner 
in. India Dr H R Ambler, OBE 


Dr H R AMBLER has been appointed to the newly 
created post of scientific adviser to the UK 
High Commissioner m New Delhi In addrtion 
to advismg the High Commissioner on scientific 
matters, he will be responsible for furthermg the 
exchange of information between British and Indian 
scientists Dr Amble, who 1s fifty-eight, will hold 
the rank of senior principal scientific officer in the 
Department of Scientific and Industrial Research 
He jomed the Government service shortly afte: he 
graduated with first-class honours in chemistry at 
the University of London m 1920 Since then he has 
held a variety of posts at home and abroad, mcluding 
seven years in India At piesent, Dr Ambler is 
assistant director of the Chemical Inspectorate of 
the Munistry of Supply at Woolwich Di Ambler, 
whose appomiment is for three years m the first 
instance, 1s takmg up his new duties at the end of 
the year. 


Explosives Research and Development at the 
Ministry of Aviation Dr.C M Johnson, CBE 


THe Mimistiy of Aviation announces that Dr 
C M Johnson has been appomted director of the 
Explosives Research and Development Establish- 
ment at Waltham Abbey Dr Johnson was born in 
1904 and gamed his PhD. at the University of 
London in 1927 For the next eleven years ho was a 
lecturer m chemistry at the University of California 
and the University of Bristol In 1938 he jomed the 
Shell Refining and Marketing Co as research manager, 
moving m 1948 to the Explosives Research and 
Development Estabhshment Since 1954 he has been 
director of the Materials and Explosives Research 
and Development Branch 
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Deputy {Director of Air Armament Research: 
Mr W H Hill 


MrR W H Huar has been appointed deputy 
director of ar armament research He was born m 
1915 at Warwick, and gained his degree at the Univer- 
sity of Cambridge Durmg 1937-41 he was an assist- 
ant lecturer m applied mathematics at the University 
College of the South West, Exeter In 1941 he jomed 
the Royal Electrical and Mechanical Engmeers, and 
was posted to work with the Ministry of Supply on 
radar and signals research From 1946 until 1951 he 
worked at the Army Operational Research Group, 
where he became general scientific co-ordmator In 
1951 he jomed the Department of the Scientufic 
Advisor to the Army Council In 1952 he was 
appomted to the Royal Amoraft Establishment, 
working on guided weapons, and in 1954 he trans- 
ferred to the Armament Research and Development 
Establishment as supermtendent of the Weapons 
Assessment Department 


History of Medicine and Pharmacy 


A Faculty of the History of Medicine and Pharmacy 
has been founded under the auspices of the Worshipful 
Society of Apothecaries of London (which received its 
Charter from King James I m 1617) Its aim 1s to 
foster and extend more general mterest m medical 
lustory, and to attract the co-operation of general 
historians, so that work m this field may be co-or- 
dmated with wider historical studies The Society 
will provide m 1ts ancient hall a central meeting point 
for historians, and medical and pharmaceutical histori- 
eal societies In addition to the Gideon de Laune 
Oration, which will next be dehvered by Sw John 
Charles in Apri 1960, ıt has an endowment for two 
additional lectures which may be delivered 1n London 
or elsewhere A research fellowship, generously 
endowed by the Wellcome Trustees, 1s held at present 
by Mr R S Roberts, a professional historian, who 
is working upon the early organization of the drug 
trade from the seventeenth century It ıs proposed 
to hold occasional symposia, discussions, congresses, 
and jomt meetings with other bodies , mvitations to 
visit sites of medical historical mterest have already 
been received Announcements and reports of 
meetmgs will appear in the official organ of the 
Faculty, Medical Hoestory, which 1s published 
quarterly Ordinary membership of the Faculty is 
by election Applications for affihation from student 
historical, medical or pharmaceutical societies or 
similar bodies, which should nominate a representa- 
tive, can also be accepted The maugural lecture will 
be given in the Hall of the Society on December 2 by 
Canon Charles E Raven, on ' Medicine—Mother of 
the Sciences” Further mformation can be obtamed 
from the honorary secretary, Dr F N L Poynter, 
Wellcome Historical Medical Library, Euston Road, 
London, N W 1 


Distribution of British Books and Films Overseas 


In reply to a question in the House of Commons 
on November 9, the Chancellor of the Duchy of 
Lancaster, Dr Charles Hull, said that negotiations 
had begun with several countries with the aim of 
agreeing upon schemes broadly on the lines of the 
former British book export schemes Mr A L P 
Norrington had accepted the chairmanship of the 
Advisory Commuttee on the Selection of Low-Priced 
Books for Overseas, and the necessary administrative 
arrangements were being made so that negotiations 
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on contracts could begin as soon as titles had been 
selected A Publishmg Trade Consultative Panel had 
been set up after consultation with the trade organ- 
izations concerned ‘The British Council was steadily 
expanding its own library services and co-operatmg 
with Colomal Governments m improving them ser- 
vices and there had been consultation with trade 
organizations m the periodical field on measures to 
assist circulation of newspapers and periodicals m 
some of the more difficult markets overseas Con- 
sultation was also taking place with the pubhshmg 
trade m Great Britam and other countries with the 
view of encouraging more effective wholesalmg and 
retailmg of books m the African countries n par- 
ticular Answeiing a further question, about docu- 
mentary films, Dr Hull said that in 1958-59 the 
Central Office of Information commissioned. twenty- 
eight documentary films and acquired 118, all for 
overseas distribution, and m 1959-60 1t was expected 
that about 120 would be acquired More than a 
hundred British films had been entered in 1959 for 
showing at mternational festivals and twenty-one 
awards oi special mentions had been gamed 


National Lending Library for Science and Tech- 

nology Consultative Committee 

A CONSULTATIVE Commuttee has been appomted to 
advise the Department of Scientific and Industrial 
Research on the services of the National Lending 
Library for Science and Technology Literature is 
now bemg collected for the Library by the Lending 
Library Unit of the Department at 20 Chester 
Terrace, Regent’s Park, London, N WI The 
National Lending Library for Science and Technology 
will be located near Boston Spa, Yorkshire, and its 
transfer will take place m the first half of 1961 Its 
collection of scientific literature, which will become 
the largest m the United Kingdom, will be avaiable 
to any orgamzations through loan and photocopymg 
services 

The Committee is as follows: Sir Lindor Brown, 
biological secretary of the Royal Society (charman) , 
Prof J D Bernal, professor of physics, Birkbeck 
College, London, Mr D I Colley, hbranan, Man- 
chester Pubhe Library, Dr B M Crowther, editor 
of Science Abstracts, Mr G. H Davison, secretary 
of the United Steel Companies, Lid, Research 
Department, Dr R E Fairbairn, head of the Library 
Department, IC I Dyestuffs Division, and chairman 
of the Council of Ashb, Mr R M Fishenden, 
Umted Kmgdom Atomic Energy Research Estab- 
lishment, Harwell, Prof G Gee, Sir Samuel Hall 
professor of chemustry, University of Manchester , 
Mr CO W Hanson, research officer, Ashb; Mr 
L J X Haylor, Muustry of Supply, Mr K W 
Humphreys, hbraran, University of Birmingham, 
and secrotary of the Standmg Conference of National 
and University Libraries; Mr D D Morgan, 
information manager, PERA , Prof W J T 
Morgan, Laster Institute of Preventive Mediceme, 
London, Mr H T Pledge, keeper, Science Museum ; 
Dr M R Pollock, Medical Research Council, Mr 
A © Townsend, library of the British Museum 
(Natural History) The secretary of the Committee 
1s Miss R M Bunn 


Dounreay Fast Breeder Reactor Critical 

Tue Fest Breeder Reactor at Dounreay went 
critical on November 14 The reactor will go through 
a period of low-power operation for some months 
This may be followed by a shut-down for any 
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modifications found necessary, and the reactor will 
then be worked up to power in stages Construction 
work on this reactor started in May 1955 and ıt was 
scheduled to start operating last year Because of 
the redeployment of staff due to the Windscale pile 
ineident and to certam. design modifications, start-up 
has been delayed The reactor consists of a central 
core which is a hexagonal prism approximately 21 n 
hugh and 21 m across the flats This ıs made up of 
about 360 enriched uranium rods m niobium cans, 
and 1s surrounded by a ‘blanket’ of 2,000 rods of 
natural uranium which under irradiation produces 
plutonium Plutonium can be used in the core to 
produce more heat and more plutonium, and exper- 
ments have shown that the amount of fissile material 
produced ın the core and the blanket during operation 
wil exceed the amount burned up in the core, and 
the reactor is thus a breeder In this type of reactor 
the neutrons are not dekberately slowed down as m 
a thermal reactor, that 1s, no ‘moderator’ 1s used and 
the neutrons are said to be ‘fast’ Heat is removed 
fiom the core and blanket by a liquid sodium-potas- 
sium alloy, which is circulated by electromagnetic 
pumps through the vessel and through heat exchang- 
eis The reactor with its primary heat exchanger 
ereuts 19 installed in a concrete vault within the 
135-ft diameter steel sphere which dominates the 
Dounreay site In the early stages the Dounreay 
reactor will be operated to provide information on 
the physics and control characteristics of this type of 
system, and this will be followed by a stage of 
intensive development and testing of different types 
of fuel elements 


South African Council for Scientific and Industrial 

Research 

Tre thirteenth annual report of the South African 
Council for Scientific and Industrial Research covers 
the year ended March 31, 1958, and meludes lists of 
research bursaries and assistantships awarded durmg 
the year as well as & list of publications (Pp xvu+ 
226--xix-hx Pretoria South African Council 
for Scientific and Industrial Research, 1958) 
Concern 1s expressed as to the shortage of scientists 
and particularly at the loss overseas of promusing 
South African scientists Much mterest 1s bemg taken 
m the work on the demmeralization of water by 
electrodialysis, and the plant designed by the Council 
and bemg erected at Welkom has a capacity of 2 5 
milion gallons a day River surveys involved a 
comprehensive programme of chemucal, biological, 
bacteriological tests and flow data, as well as labora- 
tory studies on the chemical and biological reactions 
in water and river mud A Wine Research Unit was 
established at Stellenbosch, where ıt is hoped that 
investigations of the causes of biotic turbidity will 
offer a solution of a serious problem m South African, 
wines Investigations on the chemical mechanism of 
carcmogenesis contmued Initial difficulties with 
the cyclotron at the National Physical Laboratory 
were overcome durmg the year and improvements 1n. 
several of the basic components increased the stability 
of operation The isotope separator was assembled. 
in December 1957, and the electro-mechanical record- 
ing systems m South African Courts established by 
the Acoustics Division were further extended Under 
a recently established Foundry Sands fellowship the 
properties of available sands are bemg studied and 
ther suitability for casting determmed At the 
National Mechanical Engmeermg Research Institute 
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work was carried out on the phenomenon of iock- 
bursts with a view of devising methods for their pre- 
vention, or at least of decreasmg the meidence and 
severity The Institute is also studying erosion, the 
sitmg of rivers and harbours, coal-burning gas 
turbines and solar operated refrigeration systems 
In telecommunications a iadio tracking system 
was umprovised which enabled the orbit of the first 
Russian Earth satellite to be determined roughly with- 
m a few days and an accurate determmation of the 
velocity of radio waves was made by means of 
extensive measurements at the Ridgeway base and 
surrounding triangulation to provide a value which 
can be used confidently m work with ‘tellurometers’ 
Woik was carried out on the shear strength of non- 
saturated sous under different moisture conditions 
and the stresses set up m various layers of road 
foundations by compaction operations or surface 
loads were closely observed ^ Expermmental studies 
on the relations between malnutrition and the mental 
development of young children showed that 38 per 
cent of a group of Bantu children suffermg from 
kwashiorkor had abnormal electroencephalograms 
compared with only 3 per cent of normal children, 
and another study showed that iats bred from 
protem-deficient mothers and themselves reared on 
piotem-deficient diets were inferior m learning 
ability to those bred and fed normally In medical 
ieseareh particular attention is bemg given to the 
relation between diet and diseases of the arteries 


Waterways and lonizing Radiations 

CIRCULAR No 57/59 from the Mimistry of Housing 
and Local Government to local authorities, jomt 
water boards, jomt sewage boards, river boards, 
statutory water companies in England and Wales tells 
them from which departments of the Government 
they should seek advice when in doubt about local 
problems conce:ning hazards from 10nizing radiations 
As a potted “Inquire Withm on Everythmg” m this 
field ıb 1s extremely mformative and helpful As an 
explanation of the scientific problems mvolved ıb 1s 
shpshod, since the construction of the sentences 1s 
tortuous, ‘radioactivity’ is confused with ‘radiation’ 
and there 1s at least one mis-statement attributed to 
the Medical Research Council on the contribution by 
diagnostic X-rays to the dose of radiation recerved 
by the general population 


Hatfield Memorial Lecture 

ACADEMICIAN G V Kurpsumov, directo. of the 
Department of Metallography and Metal Physics at 
the Central Research Institute for Ferrous Metallurgy, 
Moscow, has accepted an mvitation from the Council 
of the University of Sheffield to deliver the twelfth 
Hatfield Memorial Lecture, in the Firth Hall of the 
University on November 25 His subject will be 
“The Phenomena occurring m Steels durmg Quench- 
mg and Tempermg” The Hatfield Lectures, which 
are given annually in erther London or Sheffield, 
were founded in memory of the late Dr W H 
Hatfield, and are always devoted to a subject m 
which Dr Hatfield was mterested The Hatfield 
Memorial Lecture Fund is administered by the 
University of Sheffield as trustees, and arrangements 
are m the hands of a Lecture Committee, composed 
of representatives of the University, the Royal 
Society and the Iron and Steel Instrtute Academician 
Kurdjumov ıs also to lecture to the Iron and Steel 
Institute durmg the autumn general meeting m 
London He will be speaking at the Hoare Memorial 
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Hall, Church House, Great Smith Street, S W 1, on 
December 2, and on this occasion his subject will 
be ‘“Martensitic Transformations m Metals and 
Alloys” 
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International Federation of Automatic Control 


ForrowixG the first General Assembly m Chicago 
of the International Federation of Automatic Control, 
it ıs announced that the Executive Council now 
consists of the followmg members President, A M 
Letov (USSR), Past President, H Chestnut 
(US A), First Vice-President, Ed Gerecke (Switzer- 
land), Second Vice-President, O Benedikt (Hun- 
gary), Treasurer, M. Cuénod (Switzerland), Ordinary 
Members, J G. Balchen (Norway), J F Coales (Great 
Britain), G Evangelist: (Italy), K Kaneshige (Japan), 
P J Nowacki (Poland), Z Trnka (Czechoslovakia) 
D P Eckman (US A) will remam chairman of the 
Advisory Committee of which J Loeb (France) was 
appomted vice-chairman. 


The Vernon Prize 


Tue late Dr H M Vernon made a bequest to the 
National Institute of Industrial Psychology express- 
ing the wish that the Institute should award a prize 
every second year to the mvestigator who, being a 
British subject and under the age of forty-five years, 
has m the opiuon of the council of the Institute 
done the most valuable research work m the se: vice of 
industrial psychology or industria] physiology The 
fourth award will be made m 1960, 1 will consist 
of approximately £40 m cash and a silver medal 
Recommendations and direct applications must be 
received by February 29, 1960 Further information 
ean be obtamed from the Secretary, National In- 
stitute of Industrial Psychology, 14 Welbeck Street, 
London, W 1 


Royal Agricultural Society of England Research 
Medal 


Tue Royal Agricultural Society of England offers 
annually a Medal together with an award of 100 
gumeas for research work of outstandmg ment 
carried out m the United Kingdom which has proved, 
or 18 hkely to prove, of benefit to agriculture Recom- 
mendations for this award can be made by the heads 
of university departments, research stations and 
mstitutes and other research organizations No 
direct appheation by candidates will be considered 
Recommendations for the next award must be sub- 
mitted to the Secretary, Royal Agricultural Society 
of England, 35 Belgrave Square, London, S W 1, not 
later than January 30, 1960, and from whom further 
mformaition can be obtamed 


Course on Digital Computers 


Tue British Council is arranging a cowse on 
digital computers in London durmg February 7—20 
for mdusirial and research scientists from overseas 
The course will concentrate on recent improvements 
m computer design and programming techniques, 
and will be closely linked with practical work m 
industry Many firms have already offered to show 
computers bemg made or actually used for com- 
mercial and mdustrial purposes Course members 
will also be able to discuss problems with workers on 
the job ‘The course will be directed by Dr Andrew 
Booth, head of the Department of Numerical Auto- 
mation at Birkbeck College Visits have been 
arranged to see computing equipment at the National 
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Physical Laboratory (Deuce and Ace), Ferranti 
(Pegasus and Sirius), Elhot Brothers, Cambridge 
University Mathematical Laboratory (Edsac IT), 
EMI. Electromes (Zmiec), London Unversity 
Computational Laboratory (Mercury) Creeds (pro- 
ject Ingh-speed punchmg), Solatron (a), Leo 
Computers and International Computers and Tabu- 
lators "The fee for the course is £47 and accom- 
modation will be m London hotels 
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Radioisotopes in Agricultural Research 


A REGIONAL trammg course on the use of radio- 
isotopes 1n. agricultural research, organized jomtly by 
the Ministry of Food and Agriculture, Government 
of India, Food and Agriculture Organization, Inter- 
national Atomic Energy Agency and Unesco South 
Asia Science Co-operation Office, will be held at 
the Indian Agricultural Research Institute, New 
Delhi, durmg January 20-February 17, 1960 The 
course will deal with the role of radiatzon m, cytology 
and genetics, radioisotope techniques as apphed to 
problems in soi fertihty, fertihzer appheation and 
plant biochemistry and radiation as a protective 
agent Unesco has extended invitations to the 
Governments of Burma, Ceylon, India, Pakistan and 
Thailand A maximum of twenty-five participants 
will be admitted to the course Further information 
can be obtained from the Unesco South Asia Science 
Co-operation Office, 21 Curzon Road, New Delhi, 
India 


The Night Sky in December 

Furi moon occurs on Dec 15d 04h 49m UT 
and new moon on Dec 29d 19h 09m The followmg 
conjunctions* with the Moon take place Dec 2d 
06h, Saturn 4° S8 , Dee 26d 19h, Venus 2°S In 
addition to these conjunctions with the Moon, Mars 
is m conjunction with Antares on Dec 15d 16h, 
Mars bemg 4 4° N, Mercury with Antares on Dee 
20d 08h, Mercury bemg 6 0° N , Mercury with Mars 
on Dec 28d 13h, Mercury bemg 1 0° N, Mercury 
with Jupiter on Dec 27d 01h , Mercury being 0 0° S, 
and Mars with Jupiter on Dec 29d 01h, Mars bemg 
08* S Mercury wil be visible as a morning star 
during the first three weeks of the month, rising almost 
two hours before the Sun, but conditions are not par- 
ticularly favourable Venus is a mornmg star, rising at 
8h 25m, 4h 00m and 4h 40m on December 1, 15 
and 31, respectavely , rts stellar magnitude 1s —3 8 
Tts distance mereases duimg the month from 77 to 
98 million mules and the visible portion of the apparent 
disk increases from 0 598 to 0 714 Mars, Jupiter 
and Saturn are too close to the Sun for observation 
Occultations of stars brighter than magnitude 6 are 
as follows, observations bemg made at Greenwich: 
Dec 13d 22h 10 3m, 75 Tau (D), Dec 20d 6h 
09 4m, o Leo (D), Dee 20d 7h 12 6m, o Leo 
(R), Dec 27d 6h 341m, 0 Lib (R), D and E 
refer to disappearance and reappearance, respectively 
The Geminid meteors are active during December 
9-14 and the Ursids durmg December 20-22, but m 
nexther case are conditions favourable for observation 
The winter solstice occurs on Dec 22d 15h 


University News : London 
De G Moxon, lecturer at the London School of 
Economies and Political Science, has been appointed 
to the University readership in operational research 
tenable at that School 
Titles have been conferred as follow professor of 
embryology on Mr Michael Abercrombie, reader m 
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chemistry on Dr D J Mullen, 1eader m botany on 
Mr P J Syrett, m 1espect of their posts at University 
College 


Sheffield 

Tur followmg appomtments to lectureshrps have 

been announced E Litton (cvil engmeeimng), 
L G M Sparling (mechanical engmeermg) 


Announcements 


THE firm of Blackie and Son, Ltd , has celebrated 
its 150th year of pubhshmg Until very recently, 
all the scientific and technical publshmg was con- 
ducted from Glasgow, but now a pubhshmg depart- 
ment has been set up at the firm’s London office to 
handle this type of book, and Mr Christopher T 
Pee has been appointed London scientific 
editor 


Mr A S D Barratt, technical director of 
Edwards High Vacuum, Ltd , since 1945, 1s resignmg 
from the board of the Company at the end of the 
year to become an independent consultant His long 
association with the Company will however, be 
maintained by his appomtment as technical consultant 
to the Company, thus providing a liaison between the 
large-scale developments of vacuum technology now 
taking place and the long-term developments of the 
Edwaids mternational group of companies 


TuE Iron and Steel Institute ıs devoting the mam 
sessions at its autumn general meetmg during 
December 2-3 to the forging and extrusion of steel 
The meeting 1s bemg held in the Great Hall, Caxton 
Hall, London Further mformation can be obtamed 
from H Cleere, Iron and Steel Institute, 4 Grosvenor 
Gardens, SW 1 


A svMPOSIUM on the Exploration of Natural 
Anmal Populations, sponsored by the British 
Ecological Society, will be held at the Durham 
Colleges, University of Durham, durmg Maich 28-31 
Full details can be obtamed fiom E D Le Cren, 
The Ferry House, Ambleside, Westmorland 


Tue University of Texas MD Anderson Hospital 
and Tumour Instrtute announces the fourteenth 
Annual Symposium on Fundamental Cancer Research, 
“Cell Physiology of Neoplasia’, to be held durmg 
February 25-27 Further nformation can be obtamed 
from the Editorial Office, The University of Texas 
MD Anderson Hospital, Texas Medical Center, 
Houston 25, Texas 


THe Department of Civi Engmeermg and the 
Department of Extra-Mural Studies m the University 
of Brmmgham have announced a course on River 
Pollution Sewage Disposal and Trade Waste Treat- 
ment, to be held at the University of Brmmgham 
durmg January 4-8, 1960, and contmued durmg 
April 4-8, 1960 The course is arranged m co- 
operation with the Institute of Sewage Purification, 
Further mformation can be obtamed from Mr R F 
Wills, Civil Engineermg Department, The University, 
Edgbaston, Birmingham 15 


FURTHER to the announcement m the September 
19 issue of Nature regarding the availability of the 
“Great Soviet Encyclopedia” m Britam, a complete 
translation into English of the fiftieth volume of the 
second edition will be published by Pergamon Press, 
Ltd, early m 1960 under the title of “USSR 
Information" This 18 an authorized translation, 
produced with the full co-operation of the editor- 
m-ehief of the “Great Soviet Encyclopædia”. 
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CHEMISTRY IN THE EIGHTEENTH CENTURY 


N imternational meeting was convened in Paris 
dunng September 11-18 by the Comité National 
Francais d'Histoire et de Philosophie des Sciences 
m the name of ıts president, Prince Louis de Broglie 
It was tamed to follow on the ninth International 
Congress on the History of Science, held this summer 
in Span, and some of those attending did m fact 
reach Pans via Barcelona The invited contributors 
were asked to review topics such as — phlogiston, 
the discovery of the gases, the preparation of non- 
gaseous chemicals, the reformation m chemistry , 
affinities , chemical biographies and works, chem- 
istry and eighteenth-century science 
Final arrangements were completed by M Maurice 
Daumas (Conservatore National des Arts et Métiers) 
and he proposed to some thirty participants, when 
they assembled at the Conservatome, six sessions 
incorporatmg twenty-five speakers, who would each 
be allowed thirty minutes for reading and discussion 
of thar announced memoir This Procrustean prin- 
ciple, gemally supervised by the sessional charman, 
worked out surprismgly well A provocative précis, 
giving tıme for a rapid-fire of terse, ready com- 
mentaries m French or English, often threw very 
helpful flash-hghts on an unfamiliar subject 
The largest sigle groups attending were from 
France and the United States, but a useful British 
contingent aecompanied the representatives of East- 
ern Germany, Eure, the Soviet Umon, Sweden, 
Switzerland and Yugoslavia Some others, includmg 
Douglas McKie, were unable to attend, but this 
was a noteble, perhaps a unique concentration of 
interest and authority on the history of chemistry 
Reference to mdividual contributions must be 
mvidious It ıs m any event the intention of the 
sponsors to publish, under & separate cover, the 
proceedings of this colloquium These agam surveyed 
such pivotal pillars of progress as Boerhaave, Black, 
Priestley and Lavoisier If perhaps too httle was 
heard on Henry Cavendish and J B Richter, other 
figures such as Bergman, Crawford, Cullen, Geoffro1, 
Kirwan, de Morveau, Scheele, Tulet and Watt were 
exhibited m refreshing detail 
To the minority of professional chemists m attend- 
ance, there may have been something a whit rarefied 
m the attention grven to Maupertuis and Gaspard 
Monge, but these were balanced by the stiffly 
practical consideration given by Academician Arthur 
Birembaut to early gas-manipulation or by F Green- 
away to contemporary analytical chemistry None 
surely will forget the calm finahty with which G 
Kersaint buried the unsavoury legend of the treachery 
of Fourcroy to Lavoisier, Figourovskiy straddling 
the difficulties of language and tıme 1n his projection 
of Lomonossov , Claude Secretan’s cool, systematic 
appraisal of scientrfic personehties, the charmmg 
intervention of M Braise, who now occupies the 
pharmacist’s shop once served by Lavoisier's mentor, 
Guillaume-Francois Rouelle 
The formal sessions were extended to the lunch- 
table, where the exchangers of criticism, hterature- 
reference and citation could communicate ther ideas 
There was also an exciting mspection of new acquisi- 


tions from Lavoisier’s laboratory apparatus (By 
an educative comeidence, Biériot’s origmal biplane 
apparatus, m this Jubilee year, was seen suspended 
from the ceilmg of another room ) The foreign guests 
were permitted a privileged visit to the chemical 
archives of the Acadsmy, an mspection of note-books 
by Lavoisier, and & glimpse of the meetmg-rooms 
with their antique velvet, gilt frames, classic mould- 
mgs and mdividual microphones 

Personal and renewed impressions were of the 
countless historical wails that lead back to Newton 
and Boyle, the accepted mnportanee of the chem- 
istry of the Scottish universities m the eighteenth 
century , the long-delayed development of Stahhan 
doctime in the hands of Maequei and Rouelle, the 
pamstaking, sharp rescrutiny of the contributions by 
Lavoisier to chemical theory, the muddled yet 
stimulating notions of affinity , the factors and per- 
sons which foreran Dalton An mtimidatimg con- 
fusion of early schools and ideas, acquirmg a laboured, 
significant sequence as the simple gases were isolated 
and understood, and there ıs still much historical 
material to arrange and digest before such studies 
bring full benefit 

In ther development of chosen themes by address 
or in debate practically every speaker was mmdful 
of the broader canvas agamst which fhe chemical 
feature must be examined There was careful atten- 
tion to contemporary physics, metallurgy and 
pharmacy , to economies and invention; even m- 
evitably to politics, with some good-humoured 
interventions on delicate French and Irish situations 
Here were specialists indeed, but speciahsts de- 
termmed on an adequate setting of them studies 
even to “The Fifteen”, the Mountam and Vinegar 
Hil Humanism kept breakmg m 

Much more than the usual formalities of praise 
must go to the organization of this conference. 
Informal, urbane, efficient, friendly, 1t produced the 
sadly impractical conviction that such meetings 
should be held more frequently, and always convened 
in Paris Of still more lastmg mportance was the 
sense of community created ^ Historians of science 
and especially, one imagines, historians of chemistry 
must generally plough a somewhat lonely furrow, 
although there are seemmgly a few sites of adequate 
appraisal and support Here was the refreshment of 
friendly controversy, of actual and potential collabora- 
tion, and an atmosphere m which chemistry was 
seen as something even more than a magical technique, 
seen as a major factor in the climactic development 
of scientific method and modern science, as a bright 
particular strand in the culture pattern of Western 
mankind On these last pomts the exghteenth century 
had already no doubts at all 

In some closing words of appreciation, Henry 
Guerlac used his graceful bilingualism to express our 
thankful sense of pleasure and profit from this 
occasion and hmted at a possible opportunity of meet- 
ing American colleagues in 1962 None commented 
on the very sparse German attendance or on the 
Itahan absences wh:ch some later colloqurum will 
surely find improved ANDREW KENT 
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FAST CHEMICAL REACTIONS IN SOLUTION 


ERY many chemical reactions m. solution proceed 
too rapidly to be studied by conventional 
techniques, which require times of at least several 
seconds for ther manipulation Slower reactions 
often. involve several steps, all but one of which are 
fast It 1s also generally true that the srmplest and 
most fundamental reactions tend to be fast ones 
The development of electronic methods of detect- 
ing and recording has made rb possible to record 
almost any physical parameter m a very short 
mterval of time and therefore to carry out a chemical 
investigation But, m order that such an observation 
shall be significant, ib is necessary to initiate the 
chemical change imn some way m a time which 1s 
short compared with the time of reaction Methods 
of attamung this and some of the results obtamed 
were the subject of a recent meeting organized by 
the Bunsengesellschaft fur physikalische Chemie and 
the Max-Planck-Gesellschaft The colloquium was 
held im Hahnenklee/Harz durmg September 14-17 
and was attended by about one hundred and sixty 
scientists, of whom about ninety were from Germany, 
thirty from the United States, twelve from Britain 
and twenty-eight from other countries Thirty papers 
were presented, covermg practically every available 
method 

The first two days were devoted to a discussion 
of the fast-reaction methods and measurmg tech- 
niques themselves Historically the first method was 
the rapid-mixing method mtroduced by Hartridge 
and Roughton thirty-srx years ago, and this was 
discussed by F J W Roughton (University of 
Cambridge) with particular reference to the reactions 
of hemoglobm, for which the method was first 
developed It has been extended and modified m 
many ways, for example, by the introduction of 
stopped-flow techniques, and is useful for half- 
reaction, times of about 1 millisecond or more Flash 
photolysis, developed by Normsh and Porter, is a 
second generally useful method, and in describing 
this method G Porter (University of Sheffield) 
pomted out that almost every type of reaction can 
be imtiated photochemically, and that at present rb 
1s possible to measure bimolecular reaction-1ates 
with velocity constants up to 107?" htres/mole/sec 
and first-order constants up to 10° sec -! 

Q H Gibson (University of Sheffield) described 
how the stopped-flow method has been used to study 
the combination of hematin and carboxy-hem with 
globn Examples of the appheation of tho flash 
photolysis method were given by H Linschriz and 
J Eloranta (Brandeis University), who used this 
method to study metal and hydrocarbon ion solu- 
tions, by H T Witt, who gave an extensive survey 
of the work which he and his co-workers have carried 
out on chlorophyll with particular reference to prim- 
ary processes of photosynthesis, and also by E W 
Abrahamson (Syracuse University), who described 
work on the visual pigments 

Both mixmg and flash-photolysis methods are 
appheable to systems which are far removed from 
equilibrrum as well as to relaxation systems Most 
of the other fast-reaction methods start with a 
system at equilibrium, displace the equilibrium 


shghtly by changmg some physical parameter and 
then observe the rate of relaxation to the new 
equilibrium position Dr M Eigen and his colleagues 
at the Max Planck Institute for Physical Chemistry 
in Gottingen have been pioneers in this field, and a 
comprehensive review of relaxation methods and 
an account of the mathematical procedure and of 
the assumptions necessary to evaluate rate constants 
from the experimentally determmed parameters was 
given by L De Maeyer Displacement can be either 
periodic or of the jump type, and temperature, 
pressure, field 1mpulse and sound absorption are all 
used to produce the disturbance K Tamm (Unver- 
sity of Gottingen) gave a survey of the use of the some 
relaxation method for rate measurements m water 
solutions M Engen summarized many reactions 
which have been studied by relaxation methods/ 
The fastest reactiong which are controlled by dif 
fusion give rate-constants of about 10! htres/mole- 
sec for ionic reactions other than protonie where 
values of about 10" lrtres/mole/sec are obtamed 
The use of the ultrasonic technique to study associa- 
tion reactions and rotational isomerizations was 
outhned by Van W Mazer (University of Freiburg) 
and J Lamb (Unversity of London) respectively, 
and the appleation of the relaxation method to 
enzymatic reactions was discussed by R A Alberty 
and G G Hammes (University of Wisconsin) 

A new and very powerful approach to fast reactions 
is provided by the methods of electron and nuclear 
magnetic resonance A molecule, such as water or 
hydrogen peroxide with two equivalent protons, gives 
a single peak ın its nuclear magnetic resonance spec- 
trum A mrxture of water and hydrogen peroxide 
will give two separate peaks 1f there 1s no exchange 
between the protons of the two molecules However, 
if there 1s a fast exchange of the protons, there will 
be only one peak as all the protons will then appear 
equivalent For intermediate cases the exchange-rate 
constants may be calculated from the form of the 
spectra) The nuclear magnetic resonance method 
ean be used for reaction times from l to 10-? sec 
Electron spm resonance spectra can be mterpreted 
in an analogous way.to determine reaction-rates 
with characteristic times m the range 10-4 to 10-? sec 

The carbon dioxide — water equilibrium has been 
studied by A Patterson and R Ettinger (Yale 
University) using nuclear magnetic resonance 
methods Patterson pomted out that two most 
interesting questions remain unanswered, namely, 
why is such a large proportion of carbon dioxide 
m solution present m dissolved but not hydrated 
form, and, secondly, why is the hydration reaction 
such a slow process R G Pearson (Northwestern 
University) explained how paramagnetic i0ns in 
solution affect the lime-shape and how line-width can 
be used to measure exchange rate constants for 
reactions of complex ions 

Methods which are not quite so general in ther 
application inolude the fluorescence method—A 
Weller (Technischer Hochschule, Stuttgart) described 
how it 1s used to measure the fast reactions of excited 
molecules—and electrochemical methods R Bidieka 
(University of Pragce) Jim Koryta (Academy of 
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Science, Prague) and others gave comprehensive 
reviews on the use of polarogiaphic technique m the 
study of electrode reactions 

The transfer of electromc excitation energy 
between molecules 1s a special type of fast reaction 
which, m some cases, 1s 80 efficient that rate constants 
exceed those calculated for the maxumum rate of a 
duffusion-controlled reaction usmg normal collision 
diameters Piof Th Forster (Technischer Hochschule, 
Stuttgart) explamed how the interaction m such 
cases occurs through dipole-dipole coupling so that 
energy transfer can take place over distances as great 
as 50A Two examples of the direct measurement of 
energy transfer processes were presented S S Brody 
(University of Ilhnois) has used a small specially 
designed hydiogen lamp to produce a flash of a few 
mulhrmueroseconds duration He measured the delay 
between the flash and the fluorescence of chlorophyll 
m the chloroplast By using suitable filters, other 
pigments apart from chlorophyll were made to absorb 
the light and the sensitized fluorescence of chloro- 
phyll was studied M Burton and H Dreeskamp 
(University of Notre Dame) were also able to resolve 
decay times of about 10-* sec A low-voltage X-ray 
tube was used to deliver an approximately square 
wave pulse of about 10-9 see duration with use and 
fall times each about 10-9? sec By this means the 
energy transfer from benzene to p-terphenyl was 
measured 

Papers by H Eyrmg (University of Utah) and 
R M Noyes (University of Oregon) dealt with 
questions of solution structure and fast reactions 


SWISS SOCIETY FOR 


HE one hundred and thirty-ninth annual meeting 
of the Swiss Society for Natural Sciences was held 
at Lausanne durmg September 11-13. The annual 
president, Prof A Gurardet (Lausanne), opened it, 
with an address on “La science, le savant et le 
pharmacien”, touchmg the history and psychology 
of pharmaceutical teaching, practice and research, 
which in Switzerland are the concern of the univer- 
sities and medical authorities far more closely than 
m Butan in the general pattern of scientific and m- 
dustrial development He pomted out in conclusion 
the financial handicap umpled by the present-day 
loss of monopoly for the sale of many types of drugs, 
which has forced the pharmacist to extend his business 
to non-pharmacoutical products to the detrument of his 
professional standmg Once the equals of the surgeon 
m the employ of the medical theorist, the pharmacist 
and pharmacologist have not fought then way to the 
same independence and supremacy as he has 
The first general meeting adjourned to St Croix 
m the Jura Mountams, a geological and mdustrial 
district of considerable interes, in magnificent 
weather enjoyed with mixed feelmgs by the m- 
habitants, entirely dependent on wells for their water 
Prof A de Muralt (Berne) reported on the first seven 
years of the Swiss National Fund for Scientific 
Research, State subsidized but remarkably free from 
State control, and avaiable to Swiss organizations 
and individuals m the widest conceivable manner 
Nuclear research has naturally come m for a large 
share, and its potentialities and hmitations m Switzer- 
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Noyes has developed a simple theory to predict the 
quantum yield for iodine dissociation from the values 
of the viscosity of the solvent, the sizes and masses 
of the fragments of dissociation, the energy of the 
bond that 1s broken and the energy of the absorbed 
quantum The agreement between theory and experi- 
ment 1s remarkably good for such a simple model 

A very pleasant feature of the meetmg was a visit 
to the Max Planck Institute m Gottmgen, where a 
number of experiments on fast reactions m solution 
were demonstrated This visit provided a unique 
opportumty to compare and contrast many of the 
methods discussed at the colloquium The methods 
demonstrated included (1) flow methods, (2) relaxa- 
tion methods—field irapulse, temperature and pressure 
Jump and sound absorption (3) polarographic 
methods, and (4) the nuclear magnetic resonance 
method 

A lively discussion followed most of the sessions 
and was greatly facilitated by an excellent earphone 
translation system between the German and English 
languages Most of us left the meeting feeling that, 
with such a wealth of excellent methods available, 
there 1s now practically no chemical reaction m which 
rate cannot be directly measured, and the ‘mstan- 
taneous reaction’ has gone for ever It was also clear 
that reactions which proceed m times of less than 
one second are as numerous and at least as funda- 
mentally importent as those which allow a more 
leisurely approach to rate measurement 

G PORTER 
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land were discussed separately m more detail by 
Prof P Huber (Basle), who has been most concerned 
with it 

The remamder of the general proceedings took 
place m the fine painted Aula of the University of 
Lausanne, adjoming the magnificently re-organized 
up-to-date hbrary and the Museum of Fine Arts, 
where one of the hospitable receptions was held, all 
of them pleasantly devoid of any visible host or 
formahty of any kmd 

After an illuminating account by P Muller, 
of the Pars Observatory, on “Le Pourquoi des 
Satellites Aitificiels", and a masterly and moving 
survey, La Science à la Recherche d'une Conscience”, 
by the annual vice-president, Prof D Rer 
(Lausanne), the day ended with a report by Dr G 
Chevallaz (syndic of Lausanne) on preparations m 
hand for the Swiss National Exhibition to be held 
in 1964 at Lausanne im better circumstances, 16 18 
to be hoped, than its predecessors of 1914 im Beine 
and 1939 m Zurich 

Fmally, at the thmd general meetmg, Dr F 
Kaudewitz, of the Max Planck Institute of Tubingen, 
spoke on “Methoden, Denkweise und Ergebnisse der 
Erbforschung an Baktenen"', with a sober simplicity, 
clarity and directness remarkable m so new and 
complex a domam, and the sous-dwecteur of the 
National Museum of Natural History at Paris, T 
Dorst, under the title “La Signification des Galapagos 
pour Étude de Évolution", gave the latest findmgs 
and hypotheses on these unique islands 
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The meeting was timed to comode with the annual 
Comptoir Suisse at Lausanne, m order to give Swiss 
residents the advantage of return travel at single 
fare by means of an automatic ticket-stamping device 
inside the Comptoir, with a reduced entrance fee for 
members of the Society The simultaneous dıs- 
advantage that hotels had to be booked long m 
&dvance kept away & certam number of members 
Nevertheless, the sectional proceedings were on the 
whole as lively and well attended as ever, the 
Geophysical, Meteorological and Astronomical Sec- 
tion m particular bemg fortunate m having the 
director of the Swiss Meteorological Station, Prof J 
Lugeon, at hand in person after his extensive travels 
of recent years, partly m connexion with the Inter- 
national Geophysical Year and two of them to the 
North Pole, to report, with collaborators, on “Les 
Recoupements Radiogomographiques des Grands 
Foyers Orageux de l'Hémisphere Nord depuis la Base 
Spitzberg-Swsse (4100 km )" and “Comparaison des 
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Régunes des Parasites Atmosphériques Polarres et 
Européens”, and to give @ prelmunary report on 
measurements of atmospheric electricity and radio- 
activity of the amw at Murchison Bay during the 
International Geophysical Year The History Section 
was specially interesting with reports on the mathe- 
matical aspect of the Hippocrate Logos (Dr 
Lichtentaeler, of Leysin), on Baldasar Heseler’s eye- 
witness account of Vesalius’s first public anatomy 
lecture at Bologna in 1540 (Dr N Mam, of Basle) and 
on the httle-known mathematician and philosopher 
de Crousaz, of Lausanne, 1663-1750 (Dr Ed Fueter, 
of Wadenswil, ZH) Perhaps the Physics Section 
was the busiest, under the annual vice-president, Prof 
D Ruveer, with twenty-eight papers mamly on metal, 
crystal and atomic physics 

Excursions after the meeting were organized for 
those interested in geology (3 days), mmeralogy 
(2 days) and botany (2 days) 

R OH Tanner 


SCIENCE AND THE LIBRARY SERVICES IN BRITAIN 


HE programme of the annual conference of the 

Labrary Association usually meludes two or three 
papers of some general scientific interest and, although 
that of the annual conference held at Torquay durmg 
September 22-25 was possibly of less scientific mterest 
than usual, Prof Lancelot Hogben's “Past, Present 
and Future of the Printed Page", Sir Sydney Roberts's 
“Reflections on the Roberts’ Report”, and Alderman 
F J Stott’s “The Public Library as a Major Instru- 
ment of Education” are of wide interest Besides 
this, Miss M E Wilden-Hart/s "Observations on 
County and Municipal Practice” touched on various 
matters involved m the development of an adequate 
national library system whether for science and 
technology or m any other field Earl Attlee’s 
presidential address, sucernct, wise and witty, illus- 
trated the extent to which wide readmg and the 
right handling of books are still positive constructive 
factors m modern life, and Lady Barlow discussed 
“Charles Darwm as Author” 

Prof Hogben addressed himself to three issues 
Can other means of communication adequately 
replace the printed page ? Will their rightful exploita- 
tion diminish the demand for the printed page 
relative to the size of the lterate public ? And how 
far does a plan of peaceful co-existence for the two 
call for a new programme of book design? On 
the first, Prof Hogben remarked that ‘adequately’ 
was the operative word, and the freedom to turn the 
pages backwards o1 forwards to interpret the author's 
meanmg in the hght of previous statements or of 
what oceuiied later was an incentive to concentrated 
attention and acted as a brake on superficial assent 
To regard 1eliance on mechanized struction without 
rehanee on the printed page as calamitous did not 
mean that the more extensive use of sound or tele- 
vision should be regarded with disfavour or that 
such extension would curtail the need for book 
learnmg On the contrary, Prof Hogben thought 
that we would have to exploit new means of instruc- 
tion and that radio sound and television could solve 
the modern problem of shortage of talented teachers 
m a world of wider educational opportunities if— 


and only 1f—we could grve 16 a curricula, orientation 
entirely divorced from the prepossessions of the 
entertamment busmess The exploitation of the 
newest visual aids did not mean that there would be 
need for fewer books m the near futue In some of 
the backward territories there would be vastly more 
ieadeis if we could use the new means to speed up 
universal hteracy, and where hteracy was already 
well-nigh universal the new means could so expand 
the appetite for learning as to stimulate powerfully 
the output of new mformative literature 

As regards the third question, while there was no 
reason to anticipate that the exploitation of the new 
means at our disposal would dimimsh the demand 
for the printed page, and ample reasons existed for 
beheving that .1t would merease that demand, we 
could certainly forecast that ıb would increasingly 
change the content of what prmted matter 1s m 
demand and set a new standard of design for books 
which satisfy an abidmg demand Here Prof Hogben 
referred to the possibilities opened up by gearmg 
issued and printed material into editions which could 
subserve two educazonal objectives, sentences of 
one line m length permitting repetition of the same 
message line by line in several languages In the 
new era the first challenge to intellectual effort was 
how most expeditiously we could make available to 
all persons everywhere the printed page, the second 
was how to make everywhere accessible to all, both 
one and the same printed page and one and the same 
human voice The third great mtellectual challenge 
was how to disperse over an ever-widening and 
deepenmg understanding less of the mechanical 
techniques at our disposal than of the pecuharly 
human mnovations 

Sm Sydney Roberts began by pomtmg out that 
the central question his Committee had been asked 
to consider was what changes, 1f any, should be made 
m the administrative arrangements of the publie 
lbrary service, and this included possible transfer- 
ences of responsibihty from one type of library 
authority to another Although there were obviously 
two clashing views of the functions of a public library, 
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both were agreed that the public hbrary service, by 
whatever type of authority x5 might be adramistered, 
was essentially a feature of local government Never- 
theless, the Commubtee was clear that provision of 
library facilities should cease to be a local option and 
should become a statutory duty with ultimate author- 
ity vested 1n the Minister of Education Librarianship, 
however, was a highly specialized function, and m 
Sw Sydney’s view a commuttee responsible for a 
public library should be an mdependent committee 
reporting direct to the library authority Directing 
attention to the Commuittee’s comment that size and 
efficiency did not necessarily march together, and its 
view that full opportunrty—at least three years— 
should be given to any non-county borough or 
urban district to demonstrate its abuity to fulfil 
the requred conditions before any change was 
made m 1ts hbrary status, Sir Sydney said that the 
Committee had had before it the proposals for 
the new National Lendmg Library for Science 
and Technology, and its consideration of such 
matters had confirmed its misgivings about the 
nnoperfections of the 1eference sections m many 
hbraries Co-operation between libraries of an entirely 
different character and constitution, however, could 
best be achieved by mdividual negotiation, m the 
light of local conditions, between the libraries con- 
cerned The maim obstacle to higher efficiency in 
the workmg of the regional bureau, however, was 
finance, and the Commuttee was not prepared to 
advocate a standard pattern of admunistration over 
the whole country Finally, after touchmg on the 
problems of book selection, financial and otherwise, 
Sir Sydney pomted out that the public libraries must 
take full account of the mmplications of the scientific 
revolution m which we hve They must stock both 
the technological text-books and reference books 
needed by ther industrial and academic clients 
and they must make a judicious choice of those 
authors who attempt to explam the basic prmerples 
of scientific development to the non-scientific 
reader They had also to recognize the sociological 
results of scientific discovery and development 
and meet adequately the recreational needs of 
leisure 

Alderman F J Stott, who began, with a quotation 
from the report of President Eusenhower's Science 
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Advisory Committee, “Education for the Age of 
Science”, stressmg that the aim of an educational 
system must always be the development of the 
mdividual so that he could live the fullest hfe with 
himself and the community, elaborated further Sir 
Sydney Roberts’s closmg remarks If the scientafic 
age challenged technologists to make a special effort 
to ensure that ther education was not detrimental 
to ther balanced development as mdrviduals and 
challenged non-technical people to keep 1n touch with 
the new language and thoughts of science, ib was 
essential for our national welfare that we should stay 
in communication w:th each other, and the channels 
of communication could only be secured by the 
universal enjoyment of hberal education Education, 
however, was bemg required to devote more and more 
of its resources to vocational and technical trammg 
at the expense of wider values, and while at work 
more and more were called upon to do less and less 
thinking, ın our ever-increasing leisure more and 
more were content to leave the planning of 
thei leisure to the mstruments of mass entertain- 
mont 

In this situation, m which the mtegrity and full 
flowermg of the mdividual were threatened on all 
three counts, Alderman Stott thought that the public 
libary had an important part to play A survey of 
readers recently made in the Plymouth pubhe 
libraries mdieated that, whereas in Plymouth 33,000 
scholars at primary, secondary and grammar schools 
spend 33 5 millon hours m attendance, 66,000 readers 
of all ages devoted 36 5 milhon leisure hours to 
reading, of which 15 million were devoted to readmg 
of a deliberately self-chosen, mformative and educa- 
tional character On the provision of this service 
some £80,000 a year was spent, compared with about 
£2 millon on formal education m primary and 
secondary schools, but Alderman Stott, of course, 
emphasized that on two-thirds to three-quarters of 
the population the public library services made no 
impact at all He did not think ıt was simply a 
matter of increasing the provision for publie hbrary 
services but rather, as Lord Attlee had suggested, 
for encouragmg children early m life to use and 
cherish books There was also need for much more 
pubheity and some attempt to meet the needs of 
individuals 
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INDUSTRY AND HEALTH IN BRITAIN 


a Bs annual report of the Chief Inspector of 
Factories for the yea: 1958 follows the new form 
adopted last year, which was very well received, and 
there 1s again a separate report on mdustrial health 
(Muustry of Labour and National Service Pp 95 
(Cmnd 810) London HM Stationery Office, 
1959 5s 6d net) While the number of reported 
accidents fell by 4 per cent, from 174,713 to 167,697, 
and was the lowest reported for any year smece 1935, 
fatal accidents rose from 651 to 665 For factories 
alone the figure declmed by 5 per cent to 143,099, 
of which 368 were fatal, but in buidmg operations 
and works of engmeermg construction there were 
increases from 14,568 to 15,017 and from 1,924 to 
2,329, respectively The former moeluded a con- 
siderable increase m fatalities due to falls, 


especially of materials, and this appears to be due 
to much demolition work bemg carried out by mex- 
perienced personnel with little or no appreciation of 
the loading and stresses m various parts of the 
structure on which they are workmg No figures are 
available for accident meidence rates of individual 
industries, although the report gives comparative 
frequency rates, based on voluntary returns from 
individual firms, and :t 1s hoped to publish a table of 
merdence rates m next year’s report The distribution 
of accidents between the sexes and between young 
persons and adults was little changed, but the report 
points out that, in spite of the emphasis placed on 
traming young persons entering mdustry, 9,838 young 
persons were involved m notifiable accidents and 8 
of them were killed im some idustries rt 18 still 
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true that the probability of an accident is greator 
for a young person than for an adult 

The Chief Inspector directs attention to the increase 
m accidents due to transport other than rail, where 
the 1958 figure was more than double that for 1948, 
and to the need for much mote attention to problems 
of safety ın the use of road transport withim factories 
and other work-places greater care, for example, 
might be exercised in selecting drivers and operators 
of such transport Accidents associated with the use 
of power presses agam increased in spite of great 
efforts to evolve better designs and methods of 
guarding, and greater attention to maimtenance of 
these machmes and ther guards appears to be 
needed 

The new arrangement of the report gives promun- 
ence to the aspects of special mterest to the scientist 
There is a separate chapter on the problems en- 
countered by the Inspectorate m relation to nuclear 
energy and 1onizmg 1adiations, which covers electrical 
mstrumentation and the control of nuclear reactors, 
as well as the preparation and fabrication of special 
metals used m reactors, the preparation of enriched 
uranium, the handling and treatment of wradiated 
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fuel rods and sealed and open sources of radiation 
A chapter on fire prevention stresses the need to 
report dangerous occurrences which are not associated 
with personal injury, and attention is directed to the 
possibilities of eliminating sources of ignition by less 
hazardous arrangements as well as to the hazards 
associated with waste and with the handhng of 
inflammable hquids even on a relatively small scale 
The limitations of devices based on developments m 
modern. telecommunications techniques are discussed 
and special attention 1s directed to the hazards asso- 
ciated with organie peroxides Here and for the 
handling of mercury the report details a number of 
specific precautions, and the advantage of placing any 
potentially explosive plant, such as that for handling 
hydrogen, outside any occupied room and where 
explosion is unlikely to myure anyone if 1b occurs, 18 
mdicated The scientific interest of the work of the 
Inspectorate is further Wustrated by the lst of mter- 
departmental commuttees on which inspectors have 
served, and the report records 407 mspectors of all 
grades m posts at the end of the year with vacancies 
for nme general, eleven chemical, exght engmeermg 
and two medical mspectors 


THE BRITISH FORESTRY COMMISSION 
THIRTY-NINTH ANNUAL REPORT 


S remarked in the opening sentence of this 

report*, by far the most nmnportant event of 
the year m British forestry was the statement on 
policy made m Parhament In view of the develop- 
ments and progress since the post-war policy was 
adopted m 1946, planting 1s to continue at approx- 
imately the current annual rate of 60,000 acres for 
another five years, after which a significant reduction, 
about a fifth, 1s envisaged, when the older plantations 
will be coming into full production at an age of around 
fifty years There ıs no specrfic abandonment of the 
old national target of five milion acres of product- 
ive woodland for Britain as a whole, though it 1s 
recognized that its strategic basis has altered con- 
siderably No specific target ıs set for the planting 
of private woodlands, currently running at 32,000 
acres annually, but the policy of encouragmg plant- 
mg and more mtensive management 18 contmued, the 
acreage grants being raised and somewhat modified 
Action 18 also being taken to mmprove the marketing 
of produce from these private woodlands as ıb has 
long been recognized as unsatisfactory, with con- 
sequent discouragement to owners and potential 
investors The increased grants were offered on 
condition that owners organized an effective associa- 
tion for marketing and connected purposes, and they 
have m fact now done this on a regional basis; at 
the same time, the warning 1s given that the grants 
are not to be viewed as a permanent subsidy, 
but only as an imtial stimulus and help which 
should fairly soon become unnecessary Felling 
heences will be continued, not to restrict felling 
to & predetermmed quota, but to ensure ac- 
ceptable felhng practices and replantmg where 
necessary 


* Forestry Commission Thirty-nmth Annual Report of the Forestry 
Commissioners for the year ended 30th September 1958 Pp 84+7 
pilates (London HM Stationery Office, 1959) 5s net 


Once again, difficulties m acquiring the necessary 
land for the annual planting programme constitute 
a major handicap, and the necessity of paying rather 
higher prices than m the past is accepted It 1s hoped 
that more land will become available particularly m 
Scotland and Wales, where the expansion of forestry 
wil provide diversification of employment and m- 
portant social benefits 

Although one of the most direct benefits of ım- 
creased timber production m Great Britam should 
obviously be a gradual reduction of mmports which 
run at present at around £170 million per annum, 
we should now be entermg a phase of quite consider- 
able development of wood-based industries, this 
should more than compensate for some drop in con- 
sumption of unprocessed wood, such as has occurred 
with pit-props and railway timbers The opening of a 
large hardwood pulp mull on the Severn estuary is 
an important event and is bemg followed by sumilar 
developments m various parts of Great Britain The 
possibilities of small-scale pulpmg are under special 
consideration and seem quite promising 

Expenditure on research now stands at more than 
£300,000 annually A short summary of progress 
m the several branches of the work ıs meluded ın 
this report though a full account is published sep- 
mately Research facilities have been greatly 
improved durmg the year by the provision of a large 
new building which was formally opened in July 

Reviewing the situation as a whole, it 1s clear that 
the decision taken forty years ago to remedy the 
extremely unsatisfactory forestiy position m Britam 
has been acted on with a measure of success that 
rarely attends such long-term ventures, and we are 
now rapidly approaching the time when the returns, 
both direct and mdirect, will be commg m at a rapidly 
mereasing rate already sales of produce are brmging 
m more than £3,000,000 in the year 
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ULTRASONIC BARIUM TITANATE ADHESION AND 
PASTE TRANSDUCERS 


By Dr A LUTSCH* 


National Physical Research Laboratory, South African Council for Scientific and Industrial Research, 
PO Box 395, Pretoria 


RELIMINARY observations on the behaviour of 
two new types of transducer will be deseribed 

to emphasize the possible importance of these 
generators They offer possibilities particularly in 
overcoming the followmg problems which arise m 
applymg transducers available at present 

(1) For the generation of elastic waves ın solids 
at very high frequencies, a quartz crystal of a thick- 
ness of 0 1 mm —havmg a fundamental resonance 
frequency of approximately 30 Me /s—is, due to 
fragihty, the smallest thickness that can be used in 
practice 

(2) The couplmg layer between the transducer 
erystal and the test object should be as thun as 
possible, preferably less than 2/20 This again sets a 
limit for high-frequency applications 

Excrting a crystal m its harmonic modes is not 
always a rehable method and does not solve the 
coupling problem The mportance of extendmg the 
frequency-range 1s summarized m ref 1 

(3) In addition, m non-destructive testing, the 
degree of eouphng between an ultrasonic transducer 
and object 1s unknown? A fim and stable contact 
is desirable, but ıs especially difficult to obtam at 
rough and curved surfaces 

(4) The resonance frequency of a crystal transducer 
18 not variable—a disadvantage m some applications 

New desirable transducer types and manufacturmg 
methods are mentioned m ref 3 

A transducer produced on the surface, formmg an 
mtegral part with the test block, would avoid the 
handhng of extremely thin crystals and the necessity 
of providing a coupling layer Thuis ıs obviously not 
possible with conventional barum titanate trans- 
ducers’, because durmg the production a temperature 
of 1,350°C is required which cannot be tolerated 
for most test objects 


The Barium Titanate Adhesion 
Transducer 


Bernun titanate powder was 
mixed with a hquid ethoxyline 
and heated to remove moistwe 
After allowmg this mixture to 
cool to a few degrees above 
room temperatme, a hardener 
was added and the mixture 
was cast on the surface of a 
metal block (Fig 1) A rmg 
made from an electrical m- 
sulatmg material of the same 
thickness as the desired ultra- 
sonic transducer was placed 
on the surface of the metal 


ADHESION -OR 
PASTE - TRANSDUCER 


TEST OBJECT ~em 


* Present address Brown dde 


Providence, Rhode Island US Fig 1 


block formmg a castmg mould for the mixture. 
Immediately after casting, while the mixture was 
still m a ‘plastic’ stage, a flat metal disk was placed. 
on top of the rmg The disk and the metal block 
form the electrodes and two defining surfaces of the 
mould A high-voltage direct current source was 
connected through a resistor to polarize the trans- 
ducer, while sumultaneously the electrical output of 
a conventional ultrasonic reflectoscope® was applied 
via a condenser The reflectoscope transmutted short 
electrical pulses to the transducer cast When the 
cast became operative as a transducer its performance 
could be deduced by observing the pulses reflected 
from the far end of the test block The metal disk 
and the casting mould rmg were coated with a thin 
layer of a silicone paste before assembly It was 
found that this was sufficient to isolate the elastic 
vibrations of the transducer from the top electrode 
By thorough cleaning of the metal surface of the 
test block an mtimate elastic coupling to the case 
was obtamed The unit was heated to approximately 
135°C and allowed to cool to room temperature, 
while the high-voltage source and the reflectoscope 
were still connected During this operation the mix- 
ture became a solid layer in firm contact with the 
test block, hence the name adhesion transducer 
The reflexion from the far end of the test object 
was observed and showed an merease in amplitude 
with decrease m temperature The behaviour was 
tested by applymg the pulses at carrier frequencies 
0 5, 1, 2 5 and 5 Mo /s, which were available from 
the reflectoscope, to the same adhesion transducer 
The majority of the subsequent tests were carried 
out at 25 Me /s with a pulse length of 1 ysee The 
temperature cycle was repeated several times and 
the same result as desciibed above was obtamed On 
heating a polarized adhesion transducer while the 
direct voltage source was disconnected, a decrease 
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of the amplitude of the reflexion was observed If 
the temperature exceeded 135°C the amplitude 
dropped to zero and the transducer was depolarized 
On heating a polarized transducer without the dc 
field to a maximum temperature of, say, 120°C, 
which is below the Curie temperature of conven- 
tional barum titanate transducers, its piezo-electric 
properties recover after cooling down but the ampli- 
tude of the reflexion does not increase to the original 
value 

While the optimum composition of the mixture 
from which the adhesion transducer was made 18 still 
bemg mvestigated, an attempt has been made to 
determine the effect of different barrum titanate 
powder sizes Ono problem for further investigation 
would be to test the expected usefulness of the 
adhesion transducer as a generator for high-frequency 
elastic waves Simce 1b can be expected that the 
relation of wave-length to gram size will be mportant 
in determmmg high-frequency limitations, the follow- 
ing tests were carried out Because no electronic 
apparatus with higher carrier frequencies than those 
already mentioned was available, coarser powder 
was used while the frequency was held constant m an 
effort to obtam an estimate of the effectiveness of 
fine powder at correspondingly higher frequencies 
Powder diameters between d = 50 ym and 500 um 
m five grades were available The velocity of sound 
of the transducer for compressional waves was found 
to be 27 x 105 em [sec The followmg measure- 
ments were also made at a carrier frequency of 
25Mc [s Tho corresponding ratios of the wave-length 
m the transducer to the powder diameter d were 
21> àd >21 No significant differences m the 
observed reflexion amplitudes were observed, the 
coarse gram transducer (Ajd = 2 1) seemung if any- 
thing to be slightly more effective 

The electrical impedance of the adhesion transducer 
was found to be considerably higher and the dielectric 
constant considerably smaller (e, approximately 7) 
than the corresponding values for conventionally made 
barrum titanate transducers 

The adhesion transducer as described was hardened 
for a few munutes at a temperature above 100°C 
The polarization of the transducer made from fine 
powder was effective only if the temperature ex- 
ceeded 135? C On the other hand, the use of coarse 
powder m making adhesion transducers allows an 
important modification of the manufacturmg pro- 
cedure The remarkable effect was observed that 
they could be polarized by application of a de 
field at room temperature, while the transducers 
were still in the ‘plastic’ stage forming a thick paste 
The hardenmg can take place at room temperature, 
but hours or days are required, the actual time 
depending on the mximg ratios, the physical dimen- 
sions, and ambient temperature This modification 
18 mnportant where test objects cannot tolerate a 
temperature of 135°C After the transducer has 
hardened to a solid layer, ıb can be de- or re-polarized 
only above 135? C im the manner already described 
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The Barium Titanate Paste Transducer 


The procedure for manufacturmg a paste trans- 
ducer 1s identical with that described at the end of 
the last paragraph, except that no hardener 1s added 
to the mixture and only gram sizes above a certain 
value are useful The mixture remains a paste mde- 
pendent of temperature and time It 18 polarized at 
room temperature The first polarization curve and 
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Fig 2 Ferro-electric hysteresis of a paste transducer Amphtude 

in percentage of the reflexion from the far end of the attached 

test block as a funetion of the polarization field in kV /em 
Measured at 2 5 Mc [s , and 25°C 








the hysteresis loop of the de- and re-polarized curve 
are shown m Fig 2 

The paste transducer can be de-polarized (1) by 
means of stirrmg the paste, (u) by means of a de 
field of an appropriate negative value (see Fig 2) 
The behaviour of these paste transducers was 
totally unexpected m that unlike conventionally 
made barum. titanate transducers and the adhesion 
transducer 1$ was found still to operate above 135° C 
Even at 200? C a reflexion amplitude of 66 per cent 
and at 300°C of 40 per cent of the value measured 
at room temperature was observed The piezo- 
electric performance of the paste transducer is also 
less dependent on temperature than that of the 
adhesion transducer 

A paste transducer made from finer powder was 
found to be less effective, and for the finest available 
size no piezo-electric effect was measured An 
obvious advantage of the transducer m paste form 
would be that by altering the distance between the 
upper disk electrode and the test block, usmg a 
casting mould rmg of an elastic material, the trans- 
ducer could be tuned to 4/2 for a given frequency 
of the electrical oscillator 


Stability of Performance of the Transducers 
immediately after Polarization 


After removing the polarization de voltage on a 
paste transducer 1t was found that the amplitude of 
the reflected pulse decreased from 100 to 63 per cent 
m approximately 10 sec, and to 60 per cent (as 
shown m Fig 2) during the subsequent mmute, after 
which it remained practically constant No further 
agemg could be observed over & period of two weeks 

By adding a hardener, as described for the pro- 
duction. of the solid adhesion transducer, a hardening 
time of several days can be arranged using a suitable 
low temperature The followmg remarks concern a 
transducer with a final hardening time of two days 
Immediately after the hardener was added the same 
behaviour as mentioned above for the paste trans- 
ducer was observed Removal of the polarization 
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field 2 hr after the addition of hardener inoreased 
the 100 to 63 per cent reflexion. decay-time mentioned 
previously, from 10 sec to several minutes In 
later stages between the ‘plastic’? and solid state 
this time may further increase to several hours No 
decay was observed after the transducer layer had 
become a solid 


Some Aspects of the Application of the New 
Transducers for the Non-destructive Testing 
Technique 


A useful application of the transducers 1s m the 
non-destructive testmg of objects havmg a rough or 
curved surface ^ Unhke conventional transducer 
probes they are m direct contact with the object 
Furthermore, no dampmg block on the back of the 
crystal 1s required for increasing the frequency band- 
width, as 1s necessary in conventional transducers, 
because the mechanical damping of most test objects 
is sufficient even at a rough surface Detuning 
of the transducer, havmg a band-width, caused by a 
rough or irregular surface, 1s not of importance m 
practice, this can be corrected by re-tunmg in the 
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case of the paste transducer, as already mentioned 
above At rough surfaces a reflectoscope, operating 
with the new transducers, should be capable of 
detecting cracks with a smaller area or at a greater 
distance from the transducer than is possible with 
a conventional apparatus The so-called ‘dead zone’ 
would also be smaller because the transducer band- 
width is wider and therefore shorter pulses can be 
apphed 

Theoretical mvestigation and further experimental 
work are contmumg to (a) explam the observed 
ferro-electric and dielectric behaviour, (b) extend the 
frequency-range of the transducers by considermng, 
for example, possible spray and evaporation tech- 
niques for obtaming physically thin layers 

I thank Mr J D N van Wyk of the National 
Physical Research Laboratory for valuable discussions, 
and Mr E R Schmidt for preparing the barum 
titanate powder 
t Morse, R W,J Acoust Soc Amer , 30, 880 (1958) 
3 Kelman, D M , Amer Soc for Testing Materials, Tech Pub No 

101, pp 90-101 (1949) 
3 Hunt, F V,J Acoust Soc Amer, 80, 375 (1958) 
* Mason, W P , Bell Lab Record, 27, 285 (1949) 
* Lutsch, A , Arch tech Messen, 91, 193 (1954) 
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INCORPORATION OF N-METHYL CARBON OF MONOMETHYL- 
AMINOAZOBENZENE INTO POLAR DYES 


By Pror. HIROSHI TERAYAMA 


Department of Biophysics and Biochemistry, Faculty of Science, University of Tokyo 
AND 


Pror MORIZO ISHIDATE and AKIRA HANAKI 


Faculty of Pharmaceutical Science, University of Tokyo 


HE chemical bmding between caremogenic 
aminoazo dyes such as dimethylammoazobenzene 
and cellular protein of rat’s liver was first discovered 
by the Millers', who then proposed the protein 
deletion hypothesis as the basis of chemical caremo- 
genesis 
The chemical nature of the bindmg, however, has 
not been sufficiently mvestigated, due to the diffi- 
culty of purrfying the polar dyes from the hydrolysate 
of the dye-bound liver proteins as well as the small 
amounts available Terayama stal 1ecently studied 
the purification of the natural polar dyes from the 
hydrolysates of the dye-bound rat liver proteins?? and 
discovered. the presence of at least two types of polar 
dyes, depending on the nature of the amino group of 
the dye moiety, one having the primary (fraction 3) 
and the other havmg the secondary ammo group 
(fraction 2)*^* They also showed that the binding 1s 
at position 3, ortho to the amino group, m the dye 
moiety of polar dyes prepared from rat liver after 
the administration of dimethylaminoazobenzene or 
N-methylammoazobenzene? 
binding 1s the remarkable spectral change (disappear- 
ance of the 500-520 my. absorption m acid media) 
shown. by the polar dyes after the 4 position amino 
group of the polar dyes 1s methylated up to the 
dimethylamuno group with a mixture of formaldehyde 
and formic acid The binding at position 4-amimo 
group* was excluded so far as the acid-stable polar 
dyes (fractions 3 and 2) derived from dimethylammo- 
azobenzene or N-methylammoazobenzene are con- 
cerned This was confirmed by the result of the 


Evidence for position 3 - 


comparison with the synthetic acid-labile polar dyes 
which have the ammo-acid substitution at the ammo 
group (Mannich base)** The amimo-acid which 1s 
responsible to the binding m the protein moiety was 
assumed to be tyrosme mainly from the strong 
Fohn-Ciocalteau's reaction, ultra-violet absorption 
and stability agamst acid treatment of the polar 
dyes? The bridge to bind the dye to the tyrosine 
residue was thought tentatively to be a methylene? 
or oxymethylene, —-OCH,— (unpublished work), 
group mainly on account of the necessity for ab least 
one N-methyl group m the potent caremogenic 
aminoazobenzene dyes as mdicated by the Millers** 
Direct evidence m support of the presence of a 
methylene (or oxymethylene) bridge has, however, 
been lackig The present communication gives 
expermnental support for the incorporation of the 
N-methyl group of N-methylammoazobenzene mto 
the polar dyes at a position other than the 4-amimo 
group of the dye moiety 
N-MC-methylaminoazobenzene was admunstered 
to rats and the polar dyes were prepared, fractionated 
and measured by the radioactivity as well as the 
optical absorption 25 mgm of the labelled com- 
pound m 2 ml of ohve oll was administered mtra- 
gastrically under ether anesthesia The rats thus 
treated were killed 3 days later, livers removed 
and the polar dyes prepared as described in earher 
papers The partially purified mixture of polar dyes 
m 2.N hydrochloric acid was submitted to ‘ERC-50° 
(H type) column chromatography The dyes were 
adsorbed at the top of the column, washed with 
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Scheme for the formation of protem-dye in mvo upon the admunistration of labelled N-methylammoazobenzene 


2 N hydrochloric acid, water and 30 per cent alcohol 
successively and then eluted with 60 per cent alcohol 
Three fractions were separated The portion not 
removed with 60 per cent aleohol was then eluted 
with 2 N ammonia (fraction 4) Fraction 1 seems to 
be contammated with a small amount of non-polar 
dye Fraction 2, a major component, having absorp- 
tion maximum at 522 mu in 2 N hydrochloric acid 
m 50 per cent alcohol, ıs the polar dye with the 
secondary ammo group, and fraction 3, a mmor 
component, having absorption maximum at 514 mu 
1n the same solution, is the polar dye with the primary 
amuno group Fraction 4 seems to be a mixture of 
the polar dyes with the longer polypeptide chams and 
ean be further fractionated after bemg hydrolysed 
agam The acid-stable fractions 2 and 3 were re- 
chromatographed The radioactivity and the optical 
density measurements for the portions of the eluates 
are closely paralleled 

The specific radioaetivities of the purified polar 
dyes (fractions 2 and 3) are hsted m Table 1 Since 
we do not know the exact molar extinction coeffi- 
cients of the polar dyes, the amount of the fraction 2 
polar dye ıs expressed ın terms of N-methylammoazo- 
benzene o1 3-methyl-N-methylamunoazobenzene, and 
for the fraction 3 polar dye m terms of aminoazo- 


Table 1(a) YIELD oF POLAR DYES 
From five rats, 25 mgm N-methylaminoazobenzene in 2 ml olive 


oil per rat 

Yield (y) 
Polar dyes (n terms of 
N-methylammonzobenzene) 
Total polar dye, unfractionated 72 5 
Fraction 1* 153 
Fraction 2 80 7 
Fraction 3 18 9 
Fraetion 4 


54 
* A part of fraction 2 1s mixed in this fraction 


Table 1 (b) SPECIFIC RADIOACTIVITY OF THE PURIFIED POLAR DYES 


Polar dyes Specific radioactivity 
(cp m fy) 
b80 + 27 (in terms of N-methylaminoazo- 
Fraction 2 benzene) 
i e 580 (in terms of 8-methyl-N-methyl- 
aminoazobenzene) 
\ 224 +18 (1n terms of aminoazobenzene) 
Fraction 3 e 270 (in terms of 3-methyl-N-methyl- 
) aminoazobenzene) 
N-MC-methylaminoazo- 
benzene (administered) 480 + 22 


benzene or 3-methylammoazobenzene tentatively It 
1s very interesting to see that the polar dye having 
the primary amino group, fiaction 3, still holds an 
appreciable amount of the radioactivity derived from 
the N-methyl group of the omgmal N-methylamino- 
azobenzene This demonstrates clearly that the 
N-methyl group of the latter 1s certamly mcorporated 
into the polar dye at a position different from the 
position 4-amimo group The specific activity of 
fraction 2 polar dye seems to be greater than that 
of fraction 3, the origmal radioactive N-methyl- 
ammoazobenzene bemg intermediate Although the 
comparison of radioactivity m a strictly quantitative 
sense should be suspended until the exact molar 
extinctions of the polar dyes are elucidated, the 
result obtamed here might be explamed by assuming 
that the N-methylammoazobenzene administered 18 
further methylated n vwo, as imdicated by the 
Millers*?, via the methyl pool, which ıs partly endo- 
genous and partly derived from N-methyl metabolism 
of the radioactive N-methylaminoazobenzene, thus 
formmg doubly labelled dumethylaminoazobenzene, 
which 1s then metabolized in the hver It seems 
reasonable to assume that fraction 2 polar dye 1s 
derived from the latter thus formed «n vwo and the 
fraction 3 polar dye from N-methylammoazobenzene, 
the radioactivity of which might be somewhat 
diminished m vwo as the result of the mtracellular 
demethylation and methylation reactions, as shown 
in the accompanying scheme 

We wish to thank Prof F Egam: and Mr K 
Kusama for them interest and valuable discussions 
A part of the expenditure was covered by the grant 
from the Scientific Research Fund of the Ministry 
of Education of Japan 
1Miller, E. C , and Miller, J A, Cancer Res , 7, 468 (1947) 
1 Kusama, K , and Terayama, H , Gain, 48, 181 (1957) 
3 Terayama, H , Kusama, K , Ternya, K , Kuroda, S , and Naka- 

yama, T , Gann, 49, 85 (1958) 

t Terayama, H , Kusama, K , and Aoki, T , Gann, 49, 97 (i Zu, 
*Miller, E C , and Miller, J A , "Adv in Cancer Res "*, 1, 33 » (1983) 
€ Kusama, K , Terayama, H , and Teruya, K , Gann, 49, 79 (1958) 
*Miler,J A , and Miller, E ©, J Ezp Med , 87, 139 (1948) 
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OXYGEN-CONTAINING FUNCTIONAL GROUPS IN THE 
ORGANIC MATTER OF A PODZOL SOIL 


By J R WRIGHT and M SCHNITZER 


Soil Research Institute, Research Branch, Canada Agriculture, Ottawa 


E has long been recognized that there ıs æ close 
connexion between the mobilization and immobil- 
zation of metals and that of organic matter m the 
development of podzol soils The mechanism m- 
volved remains obscure, largely because little 1s 
known about the chemical constitution of the organic 
material(s) moving from the Ao through the Ae mto 
the B horizon of the profile It seems reasonable 
to assume that the organo-metallic 1eactions involved 
depend on the nature and numbers of functional 
groups For this reason, a systematic study was 
undertaken of such groups m the organic matter of 
the Ao and Bh horizons of the Armadale soil, a poorly 
dramed podzol from Prmce Edward Island! This 
report deals only with oxygen-contamimg functional 
gioups 

The organic matter from both horizons was 
extracted with 05 N sodium hydroxide solution 
Parallel extractions weie made under air and under 
nitrogen in order to evaluate possible effects of arr- 
oxidation? Following extraction, the organic matter 
of the Ao horizon was dialysed exhaustively agamst 
distilled water, while that of the Bh horizon was 
passed over ‘Amberlite [#-120’ exchange resin m 
order to remove most of the morganie cations Both 
extracts were then concentrated to near dryness on 
the steam-bath and finally dried at 100°C under 
nitrogen Where extractions were made under nitro- 
gen, the most stringent piecautions were taken to 
exclude ar durmg extraction and purification 
Wherever possible, the analytical data were checked 
by independent methods Total acidity was measured 
by baryta absorption under nitrogen? and carboxyl 
groups by reaction with caleium acetate and with 
i0date-iodide* Total hydroxyls were deterrnmed by 
acetylationS* and phenolic hydroxyls by reaction 
with barum hydroxide? and by a modified Ubaldini 
procedure? All hydroxyl determmations were made 
under nitrogen Carbonyl groups were measured 
by the method of Brooks e£ al? and methoxyls by 
Zeisel's method? Ultimate analyses were done by 
dry-combustion Infra-red spectra were recorded on 
a Perkm—Elmer Model 21 spectrophotometer, using 
potassium bromide pellets! 

Irrespective of whether extractions were carmed 
out under nitrogen or air, the material from the Ao 
was higher ın carbon, hydrogen and nitrogen but 
lower in sulphur and oxygen than that from the Bh 
horizon (Table 1) A comparison of the results for 
functional groups m the Ao and Bh materials ex- 
tracted under nitrogen showed that (a) the Bh 
material was considerably more acidic, due entirely 
to the presence of more carboxyl groups, (b) the 
Bh organic matter was higher in total and con- 











Table 1 ANALYTICAL CHARACTERISTICS 
Elementary composi- Ao material Bh material 
tion (per cent) extracted extracted 
(dry ash-free basis) Under N Under | UnderN Under 
| air air 
—Q reer at 
Carbon 56 92 57 16 50 22 49 50 
Hydrogen 5 20 5 30 3 74 3 62 
Nitrogen 2 34 1 87 0 72 0 67 
Sulphur 0 70 0 68 1 30 133 
Oxygen (by difference) 84 84 34 99 44 02 44 88 
Ash (dry basis) 8 87 8 25 3 02 3 85 
Functional groups 
(m -equiv per gm dry 
ash-free organic matter) 
Total acidity 47 47 114 115 
Carboxyl 15 19 82 86 
Total hydroxyl 32 60 50 51 
Phenolie hydroxyl 32 28 32 29 
Alcoholic hydroxyl 
{total minus phenolic) 0 32 18 22 
Carbonyl | 60 36 62 55 
Methoxyl | 04 04 02 02 




















sequently aleohohe hydroxyls smce the phenolic 
hydroxyl content of both materials was simular , 
(c) there was httle difference ın the carbonyl content, 
and (d) the Ao organie matter contamed more 
methoxyl groups (possibly because of the presence 
of undecomposed lignin) 

The results for total and aleohohe hydroxyls 
(difference between total and phenolic) may be high, 
since total hydroxyls were determined by acetylation 
with acetic anhydride This reagent", besides reacting 
with hydroxyls of primary and secondary alcohols 
and of phenols, also reacts with sulphydryl groups 
and primary and secondary ammes What proportion 
of the total nitrogen and sulphur is present as such 
groups 1s not known 

The most important changes m the distribution of 
functional groups when the organic matter was 
extracted under aw (m contrast with nitrogen) were 
the followmg (a) a decrease m carbonyl and an 
mereage m alcohole hydroxyl groups suggestmg, m. 
part, some form of keto-enol transformation , (b) a 
small inerease m earboxyls and a concomitant 
equivalent decrease m phenolic hydroxyls Durie 
and Sternhelli? found a similar 1 1 correspondence 
between the decrease in phenolic hydroxyls and the 
merease in earboxyls on oxidizing brown coal m 
alkaline solution m the presence of oxygen They 
concluded that the morease m carboxyl groups arose ° 
from phenohe groups 

There were no changes in the total acidity and 
methoxyl content of the organie matter whether 
extracted under air or under nitrogen 

Table 2 shows that whereas all the oxygen of the 
Bh organic matter was found in the functional groups, 
only 60 per cent of the oxygen of the Ao material 


Table 2 DISTRIBUTION OF OXYGEN IN FUNCTIONAL GROUPS 





O as COOH 
Total O 
Ao material extracted under nitrogen 0 14 
Ao » T » alr 015 
Bh m š » uttogen 0 60 
Bh »» 5 » ar 061 











O as OR. O as CO O as CH,0 O aecounted for 
Total O Total O Total O Total O 
015 0 28 0 02 0 59 
0 27 016 0 02 0 60 
018 023 001 102 
0 18 0 20 0 01 1 00 
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Table 3 MAJOR BANDS AND RELATIVE ABSORBANCES IN THE INFRA-RED OF EXTRACTED ORGANIC MATTER 

















Relative absorbance 
Frequency (om 75) | 4o organic matter Bh organic matter Interpretation* 

3,380 strong Strong hydrogen bonded —OH and bonded —NH. groups 

2,910 medium shoulder aliphatic C—H stretching vibrations 

2,840 medium 0 E » 

2,600 Shoulder shoulder carboxyl 

1,720 shoulder strong earboxylic carbonyl 

1,620 strong strong Joint interaction of hydroxyl and carboxyl with carbonyl (ref 13), also 
possibly carboxylic groups associated with metals so ag to give the carboxyl- 
ate structure (ref 11) 

1,450 strong 0 CH, and/or CH, 1n plane deformation vibrations 

1,400 0 medium carboxylate 

1,250 weak 0 phenoxy C—O 

1,200 0 medium carboxyl 

1,030 medium 0 Si-O of silica due to the presence of clay 





* After Bellamy (ref 14) unless stated otherwise 


was similarly distributed The remamng 40 per cent 
was probably present as rmg and/or ether oxygen 
Unfortunately, all systematie errors which occurred 
im the determination of the other oxygen groups 
are accumulated m this figure (O accounted for) 
The information from mfraaed absorption spectia 
(Table 3) confirmed the chemical evidence with regard 
to the presence of the major oxygen-contaming 
functional groups In addition, the infra-red spectra 
suggested that the Ao material was more aliphatic 
in nature than the Bh material There were no detect- 
able differences ın the mfra-red spectra whether the 
organie matter was extracted under nitrogen or air 
The major functional groups (carboxyls, hydroxyls 
and carbonyls) found m the orgame matter of both 
horizons are known to react with metals such as mon 
and alummium ‘Therefore, the presence of large 
numbers of such groups, especially m the organic 
matter of the Bh horizon, offers a partial explanation 
for the observed reactivity to metals of this type of 
organic matter durmg the formation of podzol soils 


We acknowledge the technical assistance of J G 
Desjardins and R Levick 
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ACTIVE PRINCIPLES OF THE NEUROHYPOPHYSIS OF 
COLD-BLOODED VERTEBRATES 


Chromatographic and Biological 
Characteristics of Fish and Frog Neuro- 
hypophysial Extracts 


ee neurohypophyses of all mammals so far 
mvestigated contam oxytocin and arginine vaso- 
pressm, with the exception of that of the pig, which 
contains oxytoem and lysme vasopressin There are 
some indications, however, that the active principles 
m the glands of other vertebrate classes may differ 
from the mammahan peptides For example, 15 has 
been shown! that, 1n frogs kept m water, the increase 
in weight produced by the injection of the extract 
of a smgle frog pituitary is matched by about 
1,000 mU mammalian oxytocm but that, assayed 
on a mammalian uterus, a frog gland contains only 
about 40 mU oxytocic activity A simular difference 
im the ratio of activities has been shown by Sawyer? 
m the bullfrog 

In view of these mdications, 1b was decided to 
mvestigate further the active principles m non- 
mammalhan neurohypophysial extracts The pituitary 
glands of three species of fish (trout, cod and pollock) 
and of frogs (R temporaria) were used Extracts of 
these glands produced oxytocic, vasopressor, anti- 
diuretic, milk ejection and frog water-balance effects 
The oxytoeie and vasopressor activities were com- 


pletely abolished by treatment with sodium thio- 
glycollate The resistance of the other activities to 
such treatment has, as yet, not been mvestigated 





Mammahan 
hormones 


Pollock Frog Fowl 


Tig 1 Descending paper chromatograms of acetic acid extracts 

of mammalian and non-mammahan pitiutary glands The squares 

represent areas from which aotive substances could be eluted 

Oxytocin (0), argimne vasopressin (AVP), lysine vasopressin 

(LVP), fast-moving oxytocie activity (4) and slow-moving 
oxytocte activity (B) 
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When subjected to descending paper chromato- 
graphy in butanol/acetic acid/water (4 1.5) and 
stamed by the method of Heller and Lederis*, eluates 
contammg oxytocie activity were obtained from two 
regions of the paper (Fig 1)  Eluate A, which was 
obtamed from the same region as mammahan 
oxytocin, contamed only a trace of antidiuretic 
activity and no pressor activity could be detected 
Thus, almost all the pressor and antidiuretic act- 
iviby of the origmal extract was found m eluate B 
Both eluates caused milk ejection in the lactating 
rabbit and an imereased uptake of water m frogs 
As Fig 2 shows, however, the frog water-balance 
effect of eluate B was much greater than that of 
eluate A 
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Pharmacological Evidence for the Presence 
of Arginine Vasotocin and Oxytocin in 
Neurohypophysial Extracts from Cold- 

blooded Vertebrates 


Munsick, Sawye: and van Dyke! have reported 
that chicken neurohypophysial extracts contain two 
active polypeptides One appears to be oxytocm 
A second peptide, present m greater quantity, has 
pharmacological and chromatographic characteristics 
indistinguishable from those of argmine vasotoom 

Argimme vasotocin was synthesized by Katsoyannis 
and du Vigneaud? and kindly supphed by them for 
pharmacological study m this Department It i 
unique among the neurohypophysial hormones and 

analogues that we have studied in that 
1t has activities on the isolated hen or 





I 
o 


Mammalian 
oxytocin 


m 
e 


m 
A 


[23 
be 


mi 
e 


Increase ın body-weight (per cent) 


1284565 12846 128465 


(Hr ) 


Fig 2 Effects of eluates A and B (see Fig 1)on frog water-balance The volumes 
of eluates injected pei frog had the following activity as assayed against synthetic 
oxytocin on the isolated rat uterus Pollock, eluate 4, 76 mU , eluate B, 101 mU 

Frog,botheluates,7 5 mU  Fowl,botheluates,12 3 mU (a)100, (5)800, (c)600, 
(d)900 mU oxytocin Injections atbarrow The results shown are the mean responses 


of five o1 sıx frogs 


It would seem, therefore, that the pituitaries of 
the three teleosts (two sea-water and one fresh- 
water species) and the amphibian investigated con- 
tam at least two oxytocic hormones, one of which 
behaves chromatographically and pharmacologically 
much like mammahan oxytocm The other, which 
differs from the vasopressins in its marked oxytocie 
and frog water-balance activity, also seems to occur 
in fowl posterior pituitaries (Fig 1) These results 
raise the teresting possibility that the hypothalamus 
of the vertebrate classes mentioned elaborates 
oxytocm and another active peptide not present in 
mammahan glands 

We should hke to thank Dr Grace Pickford for 
kindly supplying the pollock pituitary powder used 
m these experiments 


B T PrcxERING 
H Herter 


Department of Pharmacology, 
University of Bristol 
Aug 26 


‘Heller, H , J Physiol , 100, 125 (1941) 


*Sawyer, W H ,1n “The Neurohypophysis”, edit Heller, H , 171 
(Butterworths, London, 1957) 


° Heller, H , and Lederis, K. , Nature, 182, 1231 (1958) 





turtle oviduct, on frog water-balance 
and diuresis, and on water transport 
across the bladder-wall of the frog far 
greater than one would predict from 
its vasopressor and oxytocic potencies 

Heller*+ demonstrated that neuro- 
hypophysial extracts from fish, frog, 
snake and pigeon have frog water- 
balance activity much greater than 
that of mammahan extracts This 
observation suggests that they contam 
a peptide active on frog water-balance 
that is neither oxytocm nor vaso- 
pressm Since argmme vasotocm i8 
such a peptide and has been tenta- 
tively identified in the avian neuro- 
hypophysis, we have studied neuro- 
hypophysial extracts from cold-blooded 


eluate B 


vertebrates to determine if ther 

12346 pharmacological characteristics are 
consistent with those of argmine 
vasotocin 


Extracts from the green turtle 
(Cheloma mydas), the bullfrog (Rana 
catesbhiana), the common American, 
toad (Bufo americanus), the pollack 
(Pollachius virens), and the marine 
lamprey (Petromyzon marmus) were assayed by 
rat  vasopressor, rat antidiuretic, rat uterus 
with and without magnesrum, rabbit mulk-ejec- 
tion, hen oviduct, and isolated bullfrog bladder 
assaysb5? The ratios of potencies by pressor, anti- 
diuretic, hen uterus and frog bladder assays were, 
in each case, completely consistent with the relative 
activities of argmme vasotocin on these assays In 
all but Petromyzon there was more rat uterus and 
mulk-ejection activity than could be due to arginine 
vasotocm alone Thisis consistent withthe assumption 
that oxytocm 1s also present m all but the lamprey 

One extract of the neurohypophysis of Squalus 
acanthias (spmy dogfish) has also been subjected to 
this series of assays Its pharmacological profile is 
not that of argmune vasotoem, oxytocm, or of any 
analogue that we have yet studied 

We can advance the hypothesis, therefore, that 
arginine vasotocm and oxytoem occur m birds, 
reptiles, amphibians and teleosts Argmme vasotocm 
also appears m the most primitive living vertebrates, 
the cyclostomes The one elasmobranch studied 
appears to possess an active peptide unlike any that 
we have encountered elsewhere among the verte. 
brates 

This investigation was supported by grants 41940 
and H1788 from the National Institutes of Health, 
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Arginine Vasotocin 


lw connexion with the programme being carried 
out m this Department on the relationship of the 
stiuctures of the posterior pituitary hormones to 
ther biological properties, an analogue was syn- 
thesized! contaming the rmg of oxytocin attached to 
the side-chain of argmime vasopressm , for con- 
vemence, this substance was called argmine vasotocin 
This highly purified compound was tested for its 
uterus-contractmg activity with the isolated rat 
uterus and for its pressor activity m the rat Our 
best mformation at the present tıme is that the 
argumune vasotocm has approximately twice the rat- 
uterus contracting activity and about one-fourth the 
rat-pressor activity of argmme vasopressin 

Although the argmme vasotocm i8 not as active 
with regard to pressor activity as argmune vaso- 
pressi, the high pressor activity of the vasotocin is 
noteworthy m mdicating the contribution to pressor 
activity of the basic amino-acid m the side-cham, 
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since oxytocm, which differs from argmme vasotocm 
in havmg leueme ın place of argmme ın the side-cham, 
has approximately one-tenth the pressor activity of 
the argimine vasotoem The results also mdicate that 
the phenylalanine in the rmg of argmme vasopressin 
is of significance to pressor activity, since the vaso- 
pressin ıs more active than vasotocin, which has 
*soleucme m place of the phenylalanine Further- 
more, the fact that argmune vasotocin has twice the 
oxytocie activity of argimme vasopressin indicates 
that «soleueme m place of phenylalanme raises the 
oxytocic activity In other words, replacement of 
phenylalanine by zsoleueme has decreased the pressor 
activity and raised the oxytocic activity 

Because of the interesting pharmacological proper- 
ties of arginine vasotocin, a sample of the synthetic 
product was made available to Prof H B van Dyke 
for more extensive pharmacological mvestigation 

In view of the strong evidence of the possible 
occurrence of arginine vasotocm in non-mammalan 
sources &dduced by Sawyer, Munsick and van Dyke 
(preceding communication) and the possible correla- 
tion of their work with the results of Pickering and 
Heller (preceding communication) on the occurrence 
of an active peptide in certam non-mammalian 
vertebrate neurohypophyses, ıt was felt that this 
brief communication on arginine vasotocm would be 
appropriate 

If subsequent chemical results substantiate the 
evidence for the occurrence m Nature of argimine 
vasotoem, the synthesis of the argimine vasotoem 
would represent a remarkable example of the syn- 
thesis of a polypeptide hormone before its 1dentifica- 
tion as a natural product 
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Department of Biochemistry, 
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COUNTER-CURRENT DISTRIBUTION OF PROTEINS IN AQUEOUS 
POLYMER PHASE SYSTEMS 


By PER-AKE ALBERTSSON and ED JACQUES NYNS* 


Institute of Biochemistry, University of Uppsala, Sweden 


HE method of counter-current distiibution has 

been shown to be one of the most efficient tools 
for analysmg mixtures of substances of biochemical 
mterest such as polypeptides So far, ıt has mamly 
been applied to low molecular substances but recently 
a number of protems such as mnsulm!, adrenocoitico- 
t1iopme?, growth hormone?, lactogene hormone?, 
lysozyme*.4, ribonuclease’, casein®-’, serum albumin§, 
and hemoglobin? have also been successfully distri- 
buted One of the advantageous features of counter- 
current distiibution is that ib ıs based upon several 
steps each involving a state of equilibrium between 
two hquid phases Generally a state of equilibrum 
18 supposed to be more easily obtamed between two 
hquid phases than between, for example, a sohd 
phase and a liquid phase For macromolecules this 
difference m equilibrium behaviour may be expected 


* Present address Laboratory of Biochemistry II, University of 


Louvain, Belgrum 


to be more pronounced than fo: low moleculai weight 
substances It would therefore be of the greatest 
interest if counter-current distribution can be applied 
also for laige molecular weight substances such as 
protems and nucleic acids Many difficulties present 
themselves, however, when carrying out hquid—hquid 
extractions of proteins Thus they show a general 
tendency, due to therr large molecular size, to be dis- 
tributed unilaterally and there 1s always a risk of 
denaturation which may be caused by the interfaces 
and the organic solvents of the phase system In 
some cases, for example, with serum albumun?, these 
difficulties have been successfully avoided by intio- 
ducing complexing agents such as trichloracetie acid 
The effect of these 1s to stabilize the protem against 
denaturation and to make ıt more soluble in the 
organic phase 

The present communication describes another 
approach to overcome these difficulties, namely, the 


s 





T -2 = 


O /og(KCi) 


Fig 1 The partition coefficient (K) as a function of potassium 
chloride concentration for a number of proteins in a two-phase 
system of dextran and polyethylene glycol The curves represent 
phycocyanin (I), barley albumin (II), phycoerythrin (ITI), cærulo- 
plasmin (IV), and human serum aloumin (V) The system con- 
tams 0 005 mole potassium dihydrogen phosphate, 0 005 mole 
potassium monohydrogen phosphate, and potassium chloride as 
indicated, all per 976 ml of the phase system (976 ml is the 
volume of 1 kgm standard phase system which has a com- 
position of 7 per cent (w/w) dextran, 4 4 per cent (w/w) polyethyl- 
ene glycol, and 88 6 per cent (w/w) water ) The protein in the 
two phases was estimated by determining the extinction at 
545 my for phycoerythrin, the extinction at 620 my for phyco- 
cyanin, the nitrogen according to the Kjeldahl method for serum 
albumin, the enzyme activity for ceruloplasmin, and with the 
biuret method for barley albumin 


use of aqueous polymer phase systems!*.!! based upon 
the fact that different polymer solutions m general 
are not muscible!$:* These systems are obtained by 
mixing water solutions of two different polymers, 
for example, dextran and methylcellulose or dextran 
and polyethylene glycol Of the two phases m such 
a system the one phase usually contains most of 
one polymer and the other phase most of the other 
polymer The important pomt 1s that the water 
content 1s high 1n both phases and that the mterfacial 
tension 18 very small Most protems will, therefore, 
dissolve easily without denaturation This has been 
demonstrated for a number of protems!! and viruses" 
ina dextran—methylcellulose system The same system 
has also been used for the enrichment and purrfication 
of viruges!5!9 and for the fractionation of brain 
mucrosomes?? 

For the present study we have used a system of 
dextran and polyethylene glycol mamly because rts 
phases have comparatively low viscosities, particularly 
the top phase (the polyethylene glycol-rich phase), 
which is the moving one In addition, reasonable 
times for phase separation (15-30 mm) may be 
obtamed by this system The followmg fractions of 
the polymers were found to grve suitable conditions 
dextran. with a viscosity number of 0 48 dl /gm 
(‘Dextran 500° from Pharmacia, Uppsala, Sweden, 
and ‘Carbowax polyethylene glycol 6000 from 
Carbide and Carbon Chemicals Co, US A) A phase 
diagram of the system, and the way m which the 
polymers may be purified before use, will be described 
elsewhere'#,18 The phase system which has been 
used throughout contained 7 per cent (w/w) dextran 
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and 4 4 per cent (w/w) polyethylene glycol, the rest 
being wate: or buffer The compositions of the upper 
and lower phases of this system at + 20°C are 0 2 
per cent (w/w) dextran, 7 7 per cent (w/w) poly- 
ethylene glycol, 92 1 per cent (w/w) water and 
14 4 per cent (w/w) dextran, 0 9 per cent (w/w) poly- 
ethylene glycol, 84 7 per cent (w/w) water, respect- 
ively The viscosities of the top phase and the bottom 
phase are about 4 and 60 centipoises, respectively 

A striking characteristic of this system 1s the great 
dependence on the salt composition of the partition 
coefficient (K) for many protems Thus, for example, 
phycoerythrin 1s mamly m the top phase (K = 5) in 
the presence of 0 01.M phosphate buffer (pH. 6 8) 
If mereasmg amounts of potassium chloride are 
added the protem. ıs pushed down into the bottom 
phase until a minimum value of K = 0 331s obtained 
Further addition of potassrum chloride then causes 
the protem to be transferred to the top phase agam 
Fig 1 serves to illustrate this salt effect for a number 
of protems and ıt may be seen there that 1t 18 rather 
different for different protems This salt effect has 
been studied systematically and will be described. 
elsewhere!5.1* 

The counter-current distributions were run on the 
two protems phycoerythrm (M = 290,000) and 
phycocyanin (M == 150,000), which had been isolated 
from the red alga Ceramvum rubrum?" and purified 
by twice repeated chromatography on calemm 
phosphate? An automatic apparatus, constructed 
similarly to the Craig glass apparatus, was used 
The volumes of the phases were about 10 ml each, 
the settling time 35 mm , and the number of shakings 
50 The results from three experiments are given 
m Figs 2, 3 and 4 The am of the two first exper- 
ments (Figs 2 and 3) was to see if the distribution 
of the protem followed the theoretical distribution 
law A K-value of about 1 was desirable for these 
experiments and the salt composition necessary to 
give this was selected with the aid of the curves of 
Mig 1 As may be seen m Figs 2 and 3, the exper- 
mental distribution curve fits the theoretical one very 
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Fig 2 Counter-current distribution of phycoerythrin in a 


dextran-polyethylene glycol system contaimng 0005 mole 
potassium monohydrogen phosphate, 0 005 mole potassium 
dihydrogen phosphate and 0 022 mole potassium chionde per 
976 ml of the phase system ‘The first tube was charged with 
282 mgm protein Extinction was measured for samples from 
the bottom phase diluted with equal weight of water The K 
value was determined experimentally and the @ value (the amount 
of protein 1n the top phase divided by the amount of protein in 
the bottom phase) was calculated from the position of the 
maximum of the’experrmental curve 
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well, indicating that the partition coefficient of the 
protems m this phase system 1s a true Nernst partition 
coefficient The salt mixture which would give a 
large separation factor necessary for the separation 
of phycoerythrm and phycocyanm could also be 
selected from the curves of Fig 1 Thus a salt 
concentration of 0 01 mole potassium phosphate and 
0 75 mole potassmm chloride per kgm phase system 
was used m the expermment depicted m Fig 4 The 
K-value was determmed experimentally for each 
tube These are plotted m Fig 4, where it may be 
seen that while the K-value is famly constant for 
phycocyamm ıt mereases with the tube number for 
phycoerythrin, indicating heterogeneity for the latter 
protem Such heterogeneity 1s also known from 
chromatography on calemm phosphate? Hetero- 
geneity could not, however, be revealed by precipita- 
tion tests according to Ouchterlony’? smce the 
phycoerythrin of the front and the trailing part of 
the peak gave identical reactions 

The protems studied here are coloured and could 
easily be measured by ther strong absorption in the 
visible spectrum For uncoloured protems the estima- 
tion of protein concentrations 1s more tedious Thus, 
before measurmg the ultra-violet absorption at 
280 mp the phases have to be diluted two to three 
times and then cleared by high-speed centrifugation 
for a fow mmutes Even then rb 1s sometimes difficult 
to get reproducible values when a small amount of 
protem is present The dextran and polyethylene 
glycol interfere in the method of protem determma- 
tion according to Lowry etal? The biuret method? 
works for the polyethylene glycol-rich top phase 
Nitrogen determmation according to Kjeldahl may 
be used but this 18 rather t1me-consummg when many 
samples have to be analysed A simple and rapid 
modification of these methods for protem estimation 
m a dextran-polyethylene glycol system 1s therefore 
needed 

There ıs no general method lke, for example, 
dialysis for removing the polymers from the protem 
On the other hand, there are so many other possibil- 
ities for achieving this purification that for a given 
protem a suitable method may usually be selected 
Two ways m which phycoerythrm was recovered may 
serve as examples 
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Fig 3  Counter-current distribution of phycocyanin in the 


same system agin Fig 2 The first tube was charged with 7 ml 

of a solution of phycocyanm with an extinction of 20 3 when 

measured at 620 mu in a 1-em cell The K and G values indicated 
were obtained asin Fig 2 
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Fig 4 Counfer-current distribution of a mixture of phycoerythrin 
(filled circles) and phycocyanin (open circles) ın a dextran-poly- 
ethylene glycol system containing 0 005 mole potassium mono- 
hydrogen phosphate, 0 005 mole potassium dihydrogen phosphate, 
and 0 76 mole potassium chloride per 976 ml of the phase 
system The protein mixture was put into the first two tubes, 
The extinctions given are those of the top phase The K values 
plotted above have been determined experimentally The estima- 
tion of protein in the two phases was done by determination of 
the extinction at 495 mu for phycoerythrin and the extinction 
at 620 my for phycocyanin 


By the first method the mixture ıs passed through 
a column of calcium phosphate at 0 005 M potassium 
phosphate buffer (pH 6 8). The phycoerythrm 1s 
adsorbed while dextran and polyethylene glycol are 
not and they can therefore be washed away by the 
buffer The phycoerythrin 1s then eluted with 0 1 M 
phosphate buffer That the polymers had been washed 
away completely was checked by the anthrone 
method?* for dextran and the method of precipitation 
of the barium derivative with phosphomolybdic acid 
for polyethylene glycol”? The presence of dextran 
and polyethylene glycol does not change the absorp- 
tion capacity of ealeium phosphate for phycoerythrin ; 
1t only reduces the time of flow 

The second method mvolves the followmg pro- 
cedure ammonium sulphate is added to 1 1 of a 
mixture contammg the phycoerythrin, 3 5 per cent 
(w/w) dextran, and 2 2 per cent (w/w) polyethylene 
glycol until a concentration of 1M 18 obtamed A 
top phase of 70 ml is formed and contams all the 
phycoerythrm It ıs dialysed agamst a 30 per cent 
(w/w) solution of polyethylene glycol contammg 
0 1M sodium chloride and then added to 17 gm of 
a 30 per cent (w/w) solution of a low molecular 
weight fraction of dextran (viscosity number 0 05) 
The phycoerythrin 1s almost entirely transferred to 
the small bottom phase of this system, which had a 
volume of 7 ml and contamed no polyethylene glycol 
This phase ıs collected, dialysed, and the protem 
precipitated by the addition of ammonium sulphate 

All these procedures for the recovery of the protein 
have the advantage that the protem 1s concentrated 
into a small volume, a step which is often desirable 
prior to furthe: purification or analysis 

We wish to thank Prof A Tiselrus for hus stimu- 
lating mterest in this work, and Dr L Philipsson 
of the Institute of Hygiene and Bacteriology, Uppsala, 
fo. carrying out the immunological tests The work 
has been aided financially by grants to the Institute 
of Biochemistry, Uppsala, from the Swedish Technical 
Research Council and from the US Department of 
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the Army through its European Office, under contract 
number Da-91-508-HUC-287- One of us (E J N) 
wishes to thank the Munisti y of Education, Belgium, 
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PROPERTIES AND INHERITANCE OF H/EMOGLOBIN BY 
ASYMMETRIC RECOMBINATION 


By Cr. HARVEY A ITANO and ELIZABETH ROBINSON 


National Institute of Arthritis and Metabolic Diseases of the National Institutes of Health, 
Bethesda, Maryland 


MOLECULE of human adult hemoglobin, 
which contams two types of polypeptide chams 
designated the o«- and §-chains, dissociates mto 
subunits «, and f, in dilute acid and re-associates to 
the native molecule «.8, in neutral solution®® 
> (A different nomenclature has been used m previous 
‘publications (refs 2, 4 and 5) Identification of the 
aberrant chain of hemoglobm S (refs 7 and 8) per- 
mits adoption of a uniform nomenclature based on 
the proposal of Rhmesmith, Schroeder and Martm 
(ref 1) A comparative chart of the two systems of 
nomenclature has been given elsewhere (ref 3) 
Recombmation of an acid-dissociated mixture of two 
hemoglobms that differ from each other in one of the 
two pairs of chams results in exchange of the sub-unit 
common to the two forms without formation of new 
molecular species? Recombination of two hemo- 
globms that differ from each other m both chains 
apparently results in formation of new molecular 
species® 
The effect of 1ecombmmg two hemoglobins that 
differ in both chams has been observed 1n the present 
work with muxtuies of human earbonmonoxyhsmo- 
globm A and canme carbonmonoxyhemoglobin 
Acidification of equimolar mixtures of these hemo- 
globms to pH 4 7 followed by neutralization‘ yielded 
two new electrophoretic components m addition to 
the origmal components (Fig 1) The absorption 
spectrum of the recombmed mixture is the same as 
that of an untreated mixture Canine carbonmonoxy- 
hemoglobin migiates more slowly than carbon- 
monoxyhemoglobin A at pH 6 8 One of the new 
components migrates more rapidly than A and the 
other migrates more slowly than the canine form 
The relative mobilities of these new components and 
imerease m their proportions with time of exposuie 
to dilute acid (Table 1) are consistent with the occur- 
rence of a relatively slow exchange reaction mn which 
mixed molecules are formed The net change 
(formation of new species at the expense of the original 
components) may be represented by the reaction 


AA can. can A can can A 
&aBs +o, Bo = eB. + og foe 
(The « and 8 polypeptide chains of human hemo- 
globm have been defined according to then N-ter- 
minal amimo-acid sequences (ref 1) Since these 
sequences are not known for canme hemoglobm, our 
use of this terminology here depends upon the fact 
that the chains of canme hamoglobm appear to be 
configurational analogues of the a- and @-chams ) 


Table 1 COMPOSITION OF CANINE AND HUMAN HÆMOGLOBIN MIXTURES 
BEFORE AND AFTER RECOMBINATION 





Electrophoretic composition per cent of total* 





Dissociation 





time New slow Canine E New fast 
Control — 41 59 — 
20 min 10 36 44 10 
40 mm 11 39 89 11 
4 hr 22 28 32 18 
22 hr 31 24 21 24 





* All samples contained 50 per cent each of human and canine 
hemoglobin before recombination Percentages shown are probably 
anomalous because of low concentration of buffer-ion 


Vinograd, Hutchinson and Schroeder! and Ingram’ 
have shown that the 3-cham 1s the aberrant cham of 
hemoglobm S, and Hunt and Ingram? have shown 
that the inherited amino-acid substitutions of 
hemoglobins S and O occur m the identical cham 
position Recombmation with hemoglobms S and 
C of hemoglobins D, E and J from families previously 
reported by one of us’! resulted m no significant 
change 1n electrophoretic composition A component 
migrating between hemoglobms A and J appeared 
when hemoglobin I from the family reported by 
Rucknagel, Page and Jensen!! was recombined with 
hemoglobin S (Fig 2) Changes m composition 
were also observed when Hopkins-2 hemoglobm! 
was recombined with hemoglobins S, O and J. 

No evidence of recombmation was obtamed from 
acidification and neutralization of mixtures of bovine 
carbonmonoxyhemoglobm A (ref 18) with human 
carbonmonoxyhemoglobi A, canine carbonmonoxy- 
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can. 
í can, 
(a) (b) 
Fig 1 Ascending limb electrophoretic patterns of 1 per cent 


carbonmonoxyhemoglobin in phosphate buffer of pH 6 8, l'|2 

0 02 The direction of migration ıs from right to left (a) A, canine 

control (b) A, canine recombined after 4 hi dissociation at 
pH 47 


S S 
A A 
| | 
(o) (b) 


Fig 2 Ascending limb electrophoretic patterns of 1 per cent 

carbonmonoxyhemoglobin ın phosphate buffer of pH 8 3, Yj2 

002 The direction of migration is from right to left (a) S, A, I 
control (b) S, A, I recombined 


hemoglobm or bovine ferrihemoglobm 4 Human 
and canine carbonmonoxyhemoglobins, which recom- 
bme with each other, also recombine with then 
iespective ferrthemoglobins to form an mtermediate 
component The postulated structure of this com- 
ponent, a molecule with two carbonmonoxyhems 
and two fenihzms, 8 the same as that of an mter- 
mediate compound in the oxidation of carbon- 
monoxyhsmoglobin to ferrilheamoglobm2* Although 
16 18 possible that sub-units of one hemoglobm would 
be physically mcompatible with those of another4, rb 
is not hkely that sub-units which differ only in the 
chemical state of the hams would be mcompatible 
Therefore the absence of an intermediate component 
m an acidified and neutralized mixture of the carbon- 
monoxy- and ferri- forms of bovme hzemoglobm 
indicates m all probability that the aeidified mixture 
does not contain sub-units, that is, that bovine 
hemoglobin, unlike human and eanme hzmoglobins, 
does not dissociate at pH 4 7 This conclusion is 
consistent with othe: evidence of structural stability 
of the bovme hemoglobm molecule, namely, its 
extremely high iesistance to alkali denaturation! 
These experiments suggest several applications of 
the recombination method Reversible dissociabihty 
of a hemoglobm under specified conditions can be 
tested by subjecting a mixture of its carbonmonoxy- 
and ferri- forms to these conditions The altered 
chain of a dissomable abnormal hemoglobm can be 
rapidly identified by electrophoretic analysis after 
recombination with a previously characterized dis- 
sociable form such as hemoglobin S Change m 
. electrophoretic composition will presumably occur if 
the abnormal hemoglobin dissociates reversibly and 
differs from hemoglobm S m both chams, but no 
change will occur if 16 18 abnormal only m the B-cham, 
the abnormal cham of jS Although some of our 
samples have not been tested for dissociability, the 
results m comparable eases agree with those obtained 
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by Ingram’ by chemueal analyses The donors of 
hemoglobin I of our earher report’ and the present 
mvestigation are not known to be related Both 
have mixtures of hemoglobins A and J m ther red 
cells, however, the proportions of I are different, 
about 60 and 20 per cent, respectively The result 
in each ease points to an a-chain defect m hamo- 
globin J The occurrence of an exchange 1eaction 
between human and canime hemoglobms shows that 
these hemoglobins have similar configurations at the 
surface of umon of their respective sub-units in spite 
of large differences in ammo-acid composition}!® 
Isolation and chemical characterization of mixed 
molecules produced by recombmation will permit 
identification of the chams in canine and other 
dissociable hemoglobms that aie configurational 
analogues of the «- and B-chams of hemoglobm A 

According to Smith and Toibert!*, the gene con- 
troling Hopkins-2 hemoglobin segregates mde- 
pendently of that contiollmg hemoglobm S The 
changes observed m recombined mixtures containmg 
Hopkins-2 haemoglobm were small because the pro- 
portion of this form in the original sample, a mixture 
of A and Hopkms-2, was low Nevertheless, the 
results m several experiments were always consistent 
with abnormality m the «-cham of Hopkms.2 
hzemoglobm Our results to date, together with the 
familial data of Smith and Torbert, are thus m 
accord with mdependent genetic control of the a- 
and §-chains The hæmoglobin of double hetero- 
zygotes for S and Hopkms-2 has only three electro- 
phoretic components, identified as S, A and Hopkma-2 
(ref 12), although random association of two different 
«-cham pairs and two different B-chain pairs, cach of 
which 1s independently synthesized, would yield four 
molecular species The fact that S and Hopkms-2 
have opposite charge abnormalities with respect to 
hemoglobm A may account for. the apparent meon- 
sistency A molecule composed of abnormal -chaxns 
from S and abnormal «-chaims from Hopkms-2 would 
have approximately the same net charge as A and 
would not separate electrophoretically from A The 
same mechanism has been proposed to explain the 
presence of only three electrophoretic components m 
recombined mixtures of hemoglobins C and J (ef 5) 

A more detailed report of this work will be pub- 
lished We are mdebted to Dr Ernest W Smith 
for the sample of Hopkms-2 hemoglobm 
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FORTHCOMING EVENTS =. 


(Meetings mailed with an asterisk * are open to the public) 


Monday, December 7 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNIQATIONS SECTION (at Savoy Place, London, W C 2), at 5 30 pm 
—Mr B B Jacobsen “Frequency Patterns for Multiple-Radio- 
Channel Routes" 

UNIVERSITY OF LONDON (at King’s College, Strand, London, W C 2), 
at 530 pm —Prof Max Derruau (University of Clermont-Ferrand) 
First of three lectures on the “Central Massif of France’ * (Further 
lectures on December 8 and 10 ) 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, 
London, E 1), at 530 pm—Dr M Eigen (Max-Planck-Institut fur 
Physikahsche Chemie, Gottingen) “Relaxation Spectra of Fast 
Chemical Changes in Solution” * 


MANOHESTER LITERARY AND PHILOSOPHICAL SOOIETY (in the 
Reynolds Hall, Manchester College of Science and Technology, Sack- 
ville Street, Manchester), at 545 pm.—Dr J Needham, F RS 
‘Hydraulic 'Bngineenng and Society un Ancient and Medieval China” 
(Wilde Memorial Lecture) 


SoorgTY OF INSTRUMENT TEOHNOLOGY (at Manson House, 26 Port- 
land Place, London, W 1), at 7 p m —Mr G Pask “Discontinuous 
Skill Teaching Machines” 


Tuesday, December 8 


ZOOLOGIOAL SOCIETY OF LONDON (at the Zoological Gardens, 
Regent’s Park, London, S W 1), at 9 45a m —Symposium on ‘Cyclical 
Activity 1n. Endocrine Systems” 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 
Belgrave Squaie, London, S W 1), at 1030 am--Dr T H Rose 
and Mr P H Brown "Experiments Comparing a Number of 
Conditions for the Improvement of Glasshouse Souls”, Mi J Webber 
and Mr F W Shepherd “Experiments Comparing Bulky Organic 
Manures for Horticultural Crops’, Dr F Haworth “Fertilizer 
Responses of some Vegetable Crops” 


INSTITUTE OF MARINE ENGINEERS (at the Memorial Building, 76 
Mark Lane, London, E C 3), at 5 30 pm —Mr A Lindén “Recent 
Development of the Gotaverken Engine" 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, 
London, E 1), at 530 pm —Dr M Eigen (Max-Planck-Institut fur 
Physikahsche Chemie, Gottingen) “Proton-conducting H-bond 
Systems and their Analogies to Electronic Semiconductors” * 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicane, Keppel Street, Gower Street, London, WC 1), 
at 530 p.m —Dr L G Lajtha ‘Autoradiography in Bone Marrow 
Studies" (Fourteenth of fifteen lectures on “The Screntifie Basis 
of Medicine” organized by the British Postgraduate Medical Federa- 
tion *) (Further lecture on December 10 ) 


ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London, 
WwW1)at7 pm.—Dr E K Armstrong and Mr R E Stevenson 
“Some Practical Aspects of Compressor Blade Vibration" 


Wednesday, December 9 


UNIVERSITY OR LONDON (ab the Postgraduate Medical School of 
London, Ducane Road, London, W 12), at 2 pm -—Dr J D N 
Nabarro "Laboratory Investigations in Endocrinology” * 


INSTITUTE OF PHYSICS (at 47 Belgrave Square, London, S W 1), 
at 6 pm~— Sir Edward C Bullard, FRS ‘Geological Time" 


SOCIETY FOR PSYOHICAL REESAROH (at Leighton House, 12 Holland 
Park Road, London, W 14), at 680 pm—Dr Letitia Fairfield 
“Children and Witchcraft” 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at 
the Royal Society of Tropical Medicine and Hygiene, Manson House, 
26 Portland Place, London, W 1),at 7p m —Dr 8 H Bell “Electron 
Microscopy and Paint Technology" 


SooreTY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS 
GROUP (at the Chemical Society, Burlington House, Piccadilly, Lon- 
don, W 1), at 7 p m —Annual General Meeting, followed by Dr H J 
Wallis, Mr S.S Kind and Dr A S Curry — "Biological Methods in 
Forensic Science" 


WOMEN’S ENGINEERING SOCIETY (at “Hope House", 45 Great Peter 
Stieet, London, S W 1), at 7 pm —Di Ehzabeth Laverick “Radar 
and Telecommunications Research and Development” 


CHEMIOAL SOCIETY (at Burlington House, Piccadilly, London, W 1), 
at 780 pan rrot G H Cady “Some Recent Advances in 
Fluorocarbon Chemistry” 


Wednesday, December 9-Friday, December 11 


CROP PROTECTION AND PEST CONTROL EXHIBITION (organized by 
World Crops, at the Seymoui Hall, Seymour Place, London, W 1) 


Thursday, December 10 


INSTITUTION OF ELECTRICAL ENGINEERS, UTILIZATION SECTION 
(at Savoy Place, London, W C2), at 530 pm —M31 D B Corbyn 
and Mr N L Potter “The Characteristics and Protection of Semi- 
conductor Rectifiers” 


University OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), 
at 530 pm-—Dr Sheila T Callender, “Iron Absorption" * (Last 
of the fifteen lectures on “The Scientific Basis of Medicine” organized 
by the British Postgraduate Medical Federation ) 
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Thursday, December I0-Friday, December I! 


BRITISH INSTITUTE OF RADIOLOGY, 1ncoipoiated with the RONTGEN 
SocrgrY (at Church House, Westminster, London, 8 W 1)—Annual 
Congress and Exhibition 


ROYAL Society (at Burlington House, Precadilly, London, W 1), 
at 930 am daly—Diseussion on "The Biology of the Southern 
Cold Temperate Zone" opened by Prof C F A Pantin, FRS 


Friday, December || 


ROYAL AERONAUTICAL SoorETY (at the Institution of Mechanical 
Engineers Birdeage Walk, Westminster, London, S8 W 1)—Sym- 
posium or 'Fhght Safety" (AU Day Discussion) 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W 12),at 4 p m —Prof A Haddow, 
pee The Present and Future Relationship of Cancer Research 

iu edicine 


INSTITUTE OF PRYSIOS (at 47 Belgrave Square, London, S W 1), 
at 6 pm —Mr J F Sayers ‘The Ultrasonic Camera—an Alterna- 
tive Approach to Ultrasonic Testing” 


INSTITUTION OF ELEOTRIOAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 6 30 p m — 
Sir Willis Jackson, FRS ` “The Trends of Electrical Progress and 
Their Impheations” 


ROYAL AERONAUTICAL SOCIETY, AGRICULTURAL AVIATION GROUP 
(at 4 Hamilton Place, London, W 1), at 7 pm —Mr Peter King 
“Aerial Operations Planning in the United Kirgdcn —Results ard 
Difficulties” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9 pm —Prof R E D Bishop “The Menace of Vibration in 
Engineering" 


Saturday, December 12 


LoNDON County Couxom (at the Horniman Museum, London 
Road, Forest Hill, London, S E 23), at 3 30 p m —Mr Philip Hunter- 
Jones “The Desert Locust” * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

LECTURER IN MATHEMATICS 1n St Salvator’s College—Joint Clerk 
to the Umversity Court, College Gate, St Andrews (December 31) 

LECTURER (with a special knowledge of, and an interest in, the verte- 
brates} IN ZooLocy—The Registrar, King’s College (University of 
Durham), Newoeastle-upon-Tyne 1 (December 31) 

LIBRARIAN (graduate, with a recognized hbrary qualification, and 
preferably experience in a University, College or Technical Library).— 
a , Coventry Technical College, Butts, Coventry (Decem- 

er 

SENIOR LECTURER (with a degree in chemical enginee1ing or applied 
and industrial chemistry or with experience in the practice of chemical 
engineering mn industry and/or 1n teaching and research) IN CHEMICAL 
ENGINEERING at the University of Cape Town, South Africa—The 
Seeretaiy, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W C 1 (South Africa, December 31) 

TECHNICIAN (preferably with experience in a laboratory concerned 
with physiology, biochemistry, or the culture of micro-organisms) 
IN THE BOTANY DEPARTMENT, University of Canterbury, New Zealand 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W C1 (December 31) 

SENIOR LECTURER (wth main interest and special qualifications 
in the field of petrology) IN GnoLoey at the University of Western 
Austraha—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, WC1 (Austraha, 
January 4) 

LECTURER IN VETERINARY ANATOMY at the University of Sydney, 
Australla—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gcrdon Square, London, W C1 (Australia, 
February 57) 

HEAD (graduate, with extensive experience of seed production, 
preferably including practical farming) OF THE MULTIPLICATION 
Brancn—tThe Secretary, National Institute of Agricultural Botany, 
Huntingdon Road, Cambridge 

QUALIFIED TECHNICIAN (with the Diploma in Chemical Pathology 


Technique) at Launceston General Hospital, Tasmania—The Agent" ^ 


General to Tasmania, 457 Strand, London, W C 2 
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UNDER-DEVELOPED TERRITORIES AND THEIR PROBLEMS 


N his presidential address to the British Association 
m Dublm m 1957, Prof P M S Blackett directed 
attention to the steadily widenmg gap between the 
Western countries and those of Asia and Africa, and 
advocated a loan of £1,000 million a year, m addition 
to commercial and short-term government lending 
either as a free gift or as long-term loans Britam’s 
share of this would have amounted to £150 milhon 
a year Although the problem of aid to the under- 
developed countries has since been widely discussed 
m all its aspects, ıt was admitted by the Secretary 
of State for Foreign Affairs, Mr. Selwyn Lloyd, in a 
broadcast on United Nations Day (October 24), that 
the rapid rise m the standard of living m the highly 
developed countries 18 not being matched by umprove- 
ments in those less developed For that reason, he 
said, the Government will support the work of the 
United Nations Special Fund to finance large-scale 
schemes of economic development m such countries, 
and Parhamentary approval is to be sought to 
imerease five-fold the British contribution to that 
fund—a contribution at present standmg at a 
milhon dollars 

It should be noted that Mr P Hoffman, director 
of the Special Fund, has already proposed that the 
objective should be to double the merease of mcome 
a head m the under-developed countries durmg the 
next ten years On the calculations of a report of 
M. J Monnet’s Action Committee for the United 
States of Europe, which called on the Common 
Market countries to adopt a common policy on 
economic aid to such countries, this would require 
doubling the amount of capital supplied to the 
under-developed countries by the outside world, and 
the figure of 7,500 milhon dollars annually 1s about 
equivalent to 1 per cent of the combmed national 
income of the richer countries—rather less than the 
proportion represented by the United Kingdom’s 
estimated total contribution to the development of 
these countries in 1958-59 of £215 mullhon It 
should, of course, be remembered that, apart from 
assistance given under the Colombo Plan and under 
the Colomal Development and Welfare Acts, Britam 
18 contributing in various ways to economic and 
technical assistance, and m rts development fund for 
overseas territories, the European Economic Com- 
munity has launched a programme of capital mvest- 
ment in French and Belgian African territories, while, 
besides its existing massive contribution of some 16,000 
milhon dollars, the United States 1s bemg urged by 
the Senate Foreign Relations Commuttee to consider 
a more generous policy to Africa based on the human 
need to raise standards of living. 

One of the biggest obstacles here is the rapid 
merease in population in those countries, and 
although the York meeting of the British Association 
did not give anything like as much attention to the 
under-developed countries as was done at Dublm, 


Dr L Harrison Matthews’s forthnght assertion 
attracted wide attention In his presidential address 
to Section D (Zoology), Dr Harmson Matthews 
declared that the most serious problem at present 
facing the human race is the frightening rate of 
morease of population, especially im the so-called 
under-developed parts of the world. Past and present 
experience, he said, gives no grounds for complacency , 
there will be no-room to produce food, or indeed 
anything else, far less to conserve fauna, if there is 
one person on every square yard 

This stern warning that uncontrolled merease m 
population mevitably buids up to a crash, which 
ineidentally meluded a strong plea that we should 
welcome any offer of co-operation from the United 
States m conservation and hke matters m Africa and 
elsewhere, has been strongly supported ın a Friday 
Evenmg Discourse which Sw Norman Kuippmg, 
director-general of the Federation of British Indus- 
tries, delivered at the Royal Institution on October 
23 Si Norman believes that one of the two hopes 
for a real advance in the material standards of the 
under-developed world les in a simple, cheap and 
fool-proof method of birth control, which will give 
India, Egypt and Chma a breathing space for their 
output to catch up and run ahead of ther expandmg 
populations His other major hope les m the 
development of cheap and simple 1,000 kVa nuclear- 
fuelled power stations Cheap and plentiful power 
means, among many other thmgs, he pomted out, 
water which would be pumped and piped from as far 
as necessary or distilled from the sea. 

Sie Norman showed himself much more aware than 
many speakers on this subject of the magnitude of 
the effort which the Umted Kmgdom 1s already 
makmg: m personal terms, we are spendmg on 
technical assistance annually about 17s 8d a head, 
and, including private investment, which accounts 
for about half, our total contribution to the develop- 
ment of the under-developed countries is already 
rather more than 1 per cent of our gross national 
product Even agamst the 4,500 million dollars of 
outstanding loans at the World Bank, external 
assistance to the under-developed Colombo Plan 
countries in 1957-58 of more than 1,000 mullon 
dollars and Umited Nations Technical Assistance 
Administration expenditure of some 30 million dollars 
a year, this contribution is not to be disparaged , 
but 16 18 might that Britam and other countries should 
ask themselves, as Sir Norman suggests, whether m 
scale or urgency such efforts measure up to the task, 
whether the full significance of the irme factor is 
appreciated, and whether techniques could be 
znproved The time factor, he recognizes, involves a 
dilemma, for many of the surest lmes of advance 
mvolve long-term policies, and he admits that a 
policy of gradualness ıs a hard doctrme for many 
under-developed countries to appreciate 
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Much that Sie Norman said has frequently been 
emphasized in other connexions, for example, 
notably at the Commonwealth Trade and Economie 
Conference at Montreal m September 1958, though 
Sr Norman was concerned more particularly to 
indicate ways in which mdustry could render prac- 
tical help On one point, he strongly supported the 
views expressed recently by Mr M Iomdes before 
the Royal Institute of International Affans Mr 
Ionides had argued that Western mstitutions adapted 
to societies where the mutiative comes from below 
cannot fully satisfy the needs of a society where the 
flow of mitiative is from the top down In particular, 
Western institutions are not organized to tap the 
immense capital resources m these countries already 
existing m the form of unused man-power They can 
only touch the fringe where a cash economy exists 
Frequently, by mjeeting the large-scale projects, we 
divert available enterprise and initiative from the 
much-needed widespread small-seale development, 
and without providing the means for this basic 
development The large-scale project does not even 
teach the sunple methods, or provide the required 
trammg m them, or, where ıt is needed, the organ- 
wing ability essential for a start 

Sir Norman Kipping elaborated this factor from a 
different angle, but was no less emphatic that the 
impetus must come from above—from the élite few 
in each country who are m contact with the outeide 
world and have educated themselves m modern 
techniques, and from those from more advanced 
countries who have come to trade, to teach or to 
investigate By and large, m these countries the 
springs of imdrvidual initiative and resource m 
economie matters have been lacking, and where there 
18 a new awakening and determmation the transrtion 
mto the modern world is harder and more com- 
pheated than ıt was when European development 
began ‘This m 15self largely accounts, as Sw Norman 
remarked, for the tendency to think m terms of the 
grandiose scheme at the expense of the equally 
important littl schemes It creates the further 
problem that the educated few tend, by the very 
fact of their education, to be cut off from the mass 
of them own people 

This 1s an aspect to be remembered in considermg 
the functions and future of the Colonial Development 
Corporation It is exactly in such a situation that 
new institutions are needed, new links with institu- 
tions m the more advanced countries, and, generally, 
a flexible and experimental approach By xis nature, 
the Corporation has always occupied a position 
between commercial enterprise and public works 
financed by taxation It was enjomed, moreover, to 
have particular regard for the mterests of the m- 
habitants of the countries m which it worked and 
not merely to pay tts way 

The intertwimng of social and commercial ends 18 
naturally hable to cause difficulties and, while under 
Lord Reith’s charmanship much was done to bring 
the Corporation’s affairs into good shape, m. his last 
two years of office conflicts have arisen over poly 
and procedure, so much so that Lord Reith com- 
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plained of frustration, and welcomed the establish- 
ment, m April 1959, of an mdependent investigation 
into the capital structure of the Corporation under 
the charmanship of Lord Smclan of Cleeve The 
Committee interpreted its terms of reference—‘‘to 
examine the functions of the Colomal Development 
Corporation withm its existing statutory framework , 
and to consider whether any change in its financial 
Siructureisrequired , and to make recommendations” 
—as requirmg ib to determme whether or not the 
existing financial structure is suited to the fulfilment 
of the obligations laid upon the Corporation, and, if 
not, to show why and to state how ıt could be 
mproved Accordingly, the Committee began by 
examining the existing functions of the Corporation 
in the context of the changmg circumstances im 
which more government funds are bemg made avail- 
able both under the Colomal Development and 
Welfare Acts to the decreasing area of the Colonies, 
and by means of Commonwealth Assistance loans 
under the Export Guarantees Act, 1949 and 1957, to 
the former Colomes but now independent territories 

The wider mterest of the Committee's report” 
arises from this prelimmary examination, which 
appears thoroughly to justify Lord Reith’s protests 
The territorial scope of the Corporation's activities 
18 dimmishing, and particularly in territories which by 
reason of ther stage of economie development would 
have offered more immediate scope for the Corpora- 
tion's activities The Committee  unhesitatingly 
concludes that 1t 1s not possible for the Corporation to 
continue to carry out the purposes for which 16 was set 
up, and at the same time meet the obligations laid 
upon ıt under the Act, unless there ıs an 1mmediate 
change exther m its financial structure or m the natme 
of 1ts actrvities If 16 18 desired. that the Corporation 
should carry its existing commitments and, still more, 
should contmue to invest m projects involvmg a 
considerable degree of risk, the existmg financial 
structure must be amended to one more compatible 
with the nature of the Corporation’s operations, and 
the Commuttee’s financial recommendations are to 
that end 

The detailed 1ecommendations need not be con- 
sidered here, but 1+ should be noted that although 
the Smolamr Committee beheves that its recom- 
mendations will both ensure that the Corporation's 
true financial position will be more easily deducible 
from the accounts from year to year, and also help 
to prevent what would otherwise become an mioler- 
able burden undermmimg the good the Corporation 
has done or could do, ıt points out that no modi- 
fications to the financial structure can by themselves 
transmute what is clearly a very difficult operation 
into an easy or highly successful one Parliament 
must be clear as to what exactly the Colomal 
Development Corporation 1s tended to do But the 
Smelar Committee finds the claim valid that the 
Corporation is unique and essentially distmet from 
nationalized  mdustmes and public corporations 


* Report of the Committee of Enquiry into the Financial Structure 
of the Colonial Development Corporation Pp 11+25 (Omnd 786 ) 
(London HM Stationery Office, 1959 ) 1s 6d net 
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operating in Great Brita These are matters rather 
for the Corporation itself and the Colonial Office, but 
the Committee leaves no room for doubt that if 
Parhament wishes the Corporation to contmue its 
efforts to assist economic development 1n the Colonial 
Territories, the ordinary rules for payment of interest 
and repayment of capital must be relaxed , other- 
wise the Corporation will ultumately be confronted 
with an annual obligation which it has no reasonable 
prospect of bemg able to meet 

The Sinclar Report should thus clarify thinking 
about both the Colomal Development Corporation 
and the British contribution to economic develop- 
ment overseas Specifically, the Committee considers 
that the Corporation, under the existing Act, should 
be relieved of habihty for interest unpaid at the 
date when abandonment of a project 1s approved, 
and that ıb should be left to the commercial judgment 
of the Corporation to decide when to realize on 
investment, bearing m mund that once a project has 
become fimly established and 1s benefiting the 
economy of the territory concerned, the primary 
purpose of the Corporation m initiating the project 
has been achieved Later, the Commuttee reiterates 
the view that the question of accountability as 
affecting the Corporation 1s not in practice capable 
of sharp definition, and suggests that broadly the 
judgment whether a project 1s worth while on com- 
mercial grounds 1s primarily one for the Corporation, 
and the decision whether ıt 1s m accord with public 
policy and within the Act 1s for the Secretary of State 

In such cucumstances ıt 1s the more important 
that questions of Colomal development and welfare 
and of assistance, whether economic or technical, to 
the under-developed areas generally should be dis- 
cussed as free from party political prejudice as 
possible The problems are too complex and difficult 
to be capable of easy solution even when all the facts 
can be ascertamed beyond question What matters 
is that discussion should be fully mformed, and as 
free as possible from prejudice, and that programmes 
of action should be framed to take account of the 
social and educational difficulties, as well as those of 
technology, economics and finance It 1s obvious that 
much preparation will be required, even when such 
discoveries or developments as those for which Sir 
Norman Kippmg pleaded have taken place, before 
then results can be made available to the under- 
developed areas Meanwhile, the more clearly the 
situation is understood, both ın the advanced and 
the backward areas, and the more resolutely and 
urgently the United Kingdom and other advanced 
countries contribute towards meeting existing needs 
and filling available opportunities, the easier 1$ should 
be to take full advantage of any fresh advance which 
will enable mankind to solve this threatening problem 
of unbalance between population and all its myriad 
needs and the material resources m food, m fuel, ın 
energy and mineral wealth to satisfy them Sir 
Oliver Franks remarked emly this year that the 
under-developed countries cannot be free to embark 
upon development programmes regardless of their 
own resources, and then expeet the mdustril coun- 
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tries to underwrite them to an unlimited extent, 
and, on the other hand, for the developing countries 
to have any chance of raising ther standards oflivmg 
they must undertake capital development on a scale 
which 1s bound to make ther demand for imports 
outstrip ther ability to pay m exports for many 
years to come, quite apart from the population 
question There, however, lies the real problem, and 
if the gap m living standards 1s to be closed and all 
its explosive possibilities removed, both under- 
standing and a sense of urgency will be needed , the 
situation requires human sympathy as well as 
economic insight and the wise use of all mstruments 
that come to hand 


NUMBERS OF PEOPLE 


The Study of Population 

An Inventory and Appraisal Edited by Phihp M 
Hauser and Otis Dudley Duncan Pp xvi+864 
(Chicago University of Chicago Press, London 
Cambridge University Press, 1959) 112s 6d net 


HE counting of people is almost as old as man 
himself Concern about numbers 1s old but not 
so old The study of population as a narrow field of 
formal scientific inquiry goes back only three cen- 
turies The recognition of the interdiseiphnary 
character of the more embracing study of population, 
in relation to space and resouices 1s recent and not 
yet sufficiently widespread An account of historical 
development lmked with and supporimg both a con- 
temporary assessment of the status of demography 
as a science and an evaluation of the possibilities of 
its integration with other scientrfic disciplines has 
been needed for some considerable time This need 
has now been met Such a project is a formidable 
undertakmg and the size of the resultant volume 18 
also formidable One wonders whether ıt was neces- 
sary to have separate chapters on the development 
of demography in different countries except as a 
concession to national pride It would have been 
better to have a world review of significant develop- 
ments shown in relation to the social and economie 
pressures which stimulated them The editors, too, 
have spread themselves unduly m the introductory 
chapters But it is all interesting and well written , 
and more ruthless editing would not have made the 
book much hghter 
Undoubtedly the general pattern of the book 1s 
right four chapters on demography as a science , 
nme chapters covermg historical development on a 
world-wide scale, twelve chapters on different sub- 
fields m demography , seven chapters on population 
studies in various diserphines (genetics, human ecology, 
sociology, anthropology, economics, geography), 
and, surely a blessing in so lage a volume, the 
‘overflow and conclusions’ form the subject of Chapter 
l The historical chapters make fascmating reading 
The authors have succeeded m brmging to life the 
significant personalities and the ragmg controversies 
(of which the Malthusian is but one) of earher days 
The treatment of British demography by Piof E 
Grebenik 1s balanced and fair It 1s sadly true that 
while considerable developments of technique were 
made by actuaries throughout the nmeteenth cen- 
tury, formal teachmg in British universities has 
lagged This is mainly due to the lack of career 
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outlets for demographers, the mocentive to specialize 
bemg correspondingly small Perhaps, however, there 
should be less specialization In those vast areas of 
the world where population growth presses so 
menaemgly upon under-developed economies, pure 
demographers are less m demand than those with a 
wider and multidiserplmed approach, an under- 
standing of the subtle mter-relationships between 
demographic, geographical, ecological, social and 
economic factors Just how wide the field of kmow- 
ledge must bo ıs excellently illustrated m the closing 
chapters of thus symposium Everywhere knowledge 
18 meomplete Information concerning land and other 
resources, the effect of locational factors, genetic 
changes and biological influences, cultural forces, and 
the manner of community expansion and reorgan- 
ization—all this now concerns the population student 

If any part of the book 1s to be criticized, xt 18 the 
form and content of the middle chapters This 18 not 
& question of factual or expository deficiency, for 
authorship is of a very high standard One gets the 
impression. of a ttle too much erudition, particularly 
too much factual content, and not enough concen- 
tration upon methods of measurement The chapter 
on population distribution criticizes the descriptive 
and one-sided character of contemporary studies, 
but appears to favour methods of multiple regression 
analysis which succeed only to the extent that they 
are descriptive, and are in disrepute because they 
have built-in hazards of mterpretation It ignores 
the volumetric approach of the geographer The 
fertility chapter affords little space to the mdex 
problem m measurement and concentrates more on 
the subject of fertility regulation ; on the other hand, 
the chapter on population replacement ıs largely 
confined to methods of arithmetic with barely enough 
interpretative caution But ıt must be admitted that 
ib 1s always difficult to decide how much space to 
allot to explaming how to measure and how much to 
discussing the essential character of the events that 
are bemg measured The book ıs claimed to be an 
encyclopedic summary It is a difficult feat of 
editorship to prevent this from being a contradiction 
in terms and the editors are to be congratulated on a 
very high measure of success This is more than a 
reference book, it will attract sustamed study 

B BENJAMIN 


STERIC EFFECTS IN ORGANIC 
MOLECULES 


Steric Effects in Conjugated Systems 

Proceedings of a Symposium held at the University, 
Hull, 15-17 July, 1958, by the Chemical Society 
Edited by Dr G W Gray Pp viu4181 (London 
Butterworths Scientific Publications, New York 
Academic Press, Ino, 1958) 30s 


HIS relatively inexpensive book ıs a useful 
addition. to the small number of books concerned 
with steric effects ın organic molecules It contains 
the fifteen origmal papers, together with 44 pages of 
ensuing discussion, which were read at the symposium 
held in Hull during July 15-17, 1958 
A lucid historical survey by E E Turner was 
followed by seven papers m which the relationship 
between the hght absorption and the conformation of 
conjugated systems was discussed The theoretical 
treatments of C A Coulson and of W F Forbes were 
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accompanied by papers by G: H Beaven, C C Barker, 
and by E S Weight and R L Erskine, incorporating 
detailed measurements of the spectra of numerous 
alkyl diphenyls, di- and tri-phenylmethane dyes, 
and conjugated carbonyl compounds, respectively 
Certain spectral data were related to rates of reaction 
and the pKa by B M Wepster, though the author 
pointed out that this approach is not universally 
applicable 

Attempts to evaluate steric and electionic effects 
with the aid of kinetic data were described mn four 
papers The rates of nucleophilic aromatic substitu- 
tion, of the solvolysis of aralkyl halides, of the acid- 
catalysed H-D exchange in aromatic hydrocarbons, 
and of a variety of reactions mvolving ortho-substi- 
tuted compounds were discussed, respectively, by 
N B Chapman, H C Brown, G Dallmga et al, and 
A © Farthmg and B Nam 

The remainng papers illustrated the application of 
other physical methods A paper by E A Johnson 
on the gas-liquid chromatography of alkyldiphenyls 
provided an interesting complement to that by 
Beaven Contributions by J W Smith and by 
G W Gray described dipole moment measurements 
and observations on mesomorphism, respectively 

In summary, this collection of ormgimal papers 
embodying review material and some discussion 
provides a valuable survey of contemporary studies 
concerning the conformations of conjugated molecules. 

G EGLINTON 


COLORIMETRY 


Colorimetric Methods of Analysis, including Photo- 
metric Methods 

Vol 2A By Dr Foster Dee Snell and Dr Cornelia 

T Snell assisted by Dr Chester Arthur Snell Pp 

x+793 (New York D Van Nostrand Company, 

Inc , London D Van Nostrand Company, Ltd, 

1959) 112s 6d 


HE volume under review supplements the data 
given m the third edition (1948-54) of Volume 2, 
and includes all the important publications which 
have appeared prior to January 1956 In dealmg 
with such a vast compilation, now five volumes, the 
authors cannot from their personal experience 
recommend any particular method, and the question 
arises as to whether treatises such as this have a 
universally useful function The answer appears to be 
that this treatise has been compiled by a team of 
experienced abstractors who can consult ther own 
analytical department, and who are thus well able to 
judge whether a method merits recording or not 
The scheme adopted throughout the volume is 
both logical and helpful to the reader Each chapter 
is headed by a brief description of new and useful 
additions to the methods described m the previous 
edition of Volume 2 Where the method 1s the result 
of collaborative study by a number of laboratories 
16 1s frequently given almost ın full Thus the reader 
can proceed with such a method in confidence, know- 
ing that 16 has been tested in a number of independent 
laboratories, and has justified its publication by a 
representative body of experts While this results in 
recording methods which have proved sound, these 
methods may not be the best available even shortly 
after publication, since collaborative studies between 
widely separated laboratories are necessarily very 
time consuming 
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One of the most useful new features m'the volume 
1s the prommence given to the use of flame photo- 
metry and fluorimetry As stated m the preface, the 
improvements in burners and the application of 
photomultipher tubes have greatly increased the 
sensitivity of the flame photometer, and improved 
tubes that of the fluorimeter It would have been 
helpful if the general prineiples of the improved 
methods both for flame photometry and fluorrmetry 
could have been described as a separate chapter, but 
presumably these will follow in & supplement to 
Volume 1 Without such help ıt may be puzzling 
to understand why on page 471 an oxy-acetylene 
burner 1s recommended for the determination of the 
alkali metals, but a propane-air burner on page 475 
Much depends on the concentration of mterfermg 
elements and on the choice of mternal standards 
While such standards are desirable, ther use may be 
attended by diffioulties, since the optimum burner 
temperature for development of the colour of the test 
element may be far removed from that of the standard 
What 18 required 13 not merely high sensitivity, but 
also uniform light emission with varying temperature 
As a useful alternative to flame photometry for the 
determination of lithium, the application of fluori- 
metry ıs described, the sensitivity bemg such as to 
make as little as 0 005 mgm determmable m the 
presence of limited amounts of sodium and potassium 

The amount of new material described in Volume 
2A 1s astonishing, bearing m mmd the short interval 
of time which has elapsed since the publication of 
Volume 2, and the original treatise of four volumes 
cannot be considered complete without Volume 2A. 
The references have been carefully chosen from an 
extremely wide selection of the world’s scientific 
journals, and unlhke some USA publications have 
no bias in favour of American work J Kine 


STATISTICAL METHODS 


Principles of Statistical Techniques 

A First Course, from the Begmnings, for Schools and 
Universities By P G Moore Pp vm+239 (Cam- 
bridge At the University Press, 1958 ) 22s 6d net 


N the Preface to this excellent text-book the author 
claims that 1618  " an attempt to put across the 
mam principles of statistical methods ” This 
claim 1s abundantly justified The book ıs readable 
from. start to finish, and only m Chapters 10 and 11 
(dealmg with tests of significance) will more than 
normal concentration be needed, even if the reader 
is approaching the subject for the first time The 
book will be a valuable addition to every grammar- 
school hbrary Many sixth form pupils, especially 
thoso reading geography or economics, will derive 
great benefit from a careful study of ıt, m the field of 
general studies, however, ıt will appeal to a much 
wider audience so that merely a single reading will 
help towards a clear understandmg of the part which 
observation and sampling now play m pure research 
and in mdustrial investigations 
The author's style 1s attractive and the reader 1s 
led easily through chapters on the collection, tabula- 
tion and representation of data, frequency distribu- 
tion and dispersion, to a careful study of the power 
(and the weaknesses) of sampling The application of 
the binomial series and time series, together with a 
rather more technical consideration of significance, 
bring the student to a treatment of regression The 
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printing, tabulation and graphs have the excellence 
normally associated with the Cambridge University 
Press and there are few misprmts Important among 
these 1s the misuse of 4/npq for 4/(npg) m a number 
of places, and the same error 1s found (p 160) in the 
formula 


s V+ z3) 


At the end of each chapter there ıs a good set of 
exercises, but the value of these 1s greatly reduced by 
the absence of answers It 1s to be hoped that the 
author will remedy this by a pamphlet until another 
edition 1s available With this one serious reservation 
the book may be recommended warmly to anyone 
who needs to know, either for piactical purposes or as 
a matter of general mterest, how the analysis of obser- 
vations can be accomplished W J LANGFORD 


PERCEPTION AND LEARNING 


Dynamics of Behavior 
By Prof Robert S Woodworth Pp x+403 (Lon- 
don Methuen and Co, Ltd , 1958) 36s net 


ROF WOODWORTH began his scientific career 
some sixty years ago with an admurable httle 
book on movement, written m French He after- 
wards worked with Sherrmgton on pseudo-affectrve 
reflexes and seemed well set to develop American 
psychology along expermmental and physiological 
lmes Yet leadership m research somehow eluded 
hmm The mutiative passed to others, m particular 
Lashley, and ıb was left to Prof Woodworth to 
provide the text-books on which successive genera- 
tions of psychology students m the United States have 
been nourished Plain fare, perhaps, but wholesome 
The present volume has its origm m the author’s 
“Dynamie Psychology”, first published m 1918 
But ıb ıs far less a revision of the earher book than 
the substance of a lecture course based upon it and 
progressively developed by Prof Woodworth over 
the past forty years The content ranges from reflexes 
to reasoning, the greater part being concerned with 
perception, motivation and learnmg conceived m 
terms of biological adaptation Although the eclectic 
pomt of view will be familiar to readers of Prof Wood- 
worth’s earher texts, the present volume has the 
advantage of bringing together a great deal of experi- 
mental material, much of ıt recent, relevant to the 
general analysis of behaviour It also provides a 
useful guide to’ the many, and often conflicting, 
theories of learnmg which have been evolved by 
Ameuican psychologists durmg the past thirty years 
This 1s the land of thing which he can do very well 
Prof Woodworth demonstrates that his capacity 
to expound contemporary points of view m psychology 
has been m no way dimmed by advancing age At 
the same time, his account of modern work perhaps 
suffers from the lack of any well-defined point of view 
of his own Had the author held fast to his Sherrmg- 
tonian origins and attempted to develop a theory of 
behaviour along evolutionary and physiological lines, 
it 18 possible that some real clarification might have 
been achieved As 1t ıs, we have to make do with a 
somewhat ill-assorted conglomeration of facts and 
theories, mperfectly related one to the other, and the 
whole scarcely warranting treatment as a scientific 
discipline Although ıt may be objected that this 
picture truly reflects the existing state of psychology, 
it might seem a pity to enshrme 1b ın a formal text. 
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A contribution more lımıted ın scope, tauter and more 
incisive in argument, would have served the purpose 
better - 

The author’s style betrays a certain trans-Atlantic 
homehness that may cause some elevation of English 
eyebrows Thus the reader 1s urged to “get acquainted 
with gravitation” much m the same way as he might 
be advised m other quarters to make frends and 
influence people It may also be surmised that the 
prevailing emphasis upon “outgomg human ten- 
dencies” owes more to American culture than to the 
seientifie study of man 

It ıs encouragmg to note that Prof Woodworth 
retains something of his interest in the European 
scene Although ethology appears to have escaped 
him, British work in experimental psychology 1s 
exceptionally well represented O L ZawGWILL 


NUCLEAR ENERGY AND ANALYSIS 


Analytical Chemistry 

Vol 1 Edited by M T Kelley (Progress in Nuclear 
Energy, Senes 9) Pp vi+372-+xu (London and 
New York Pergamon Press, 1959) 105s net 


HIS volume consists of a collection of some of 
the papers of interest to analytical chemists 
which were presented at the Second International 
Conference on the Peaceful Uses of Atomic Energy 
held at Geneva m 1958 These papers have already 
been made available in Vols 3, 19 and 28 of the 
records of the Conference published by the United 
Nations, and this new book simply presents the 
material ın a single volume of a more convenient 
size The papers have been arranged m five groups 
as follows: “Reactor Applications’, ‘Activation 
Analysis”, "Speetrographie Technique", “Industrial 
Appheations", and “Health Physics” All papers are 
m Enghsh with the exception of two which are m 
French The reason for not pubhshimg a complete 
volume in English 1s not clear, especially since these 
two papers are available in English m the United 
Nations publications 
The first group of papers contams one giving the 
Harwell experiences m analytical chemusiry work 
connected with reactors Two excellent review 
papers are also included, one dealmg with most 
aspects of the analytical chemistry of thorrum and 
the other on chemical methods for the determmation 
of uranium m ores and associated materials In the 
activation analysis section, much information 1s 
given about Canadian and United States experiences 
with this valuable technique for trace determinations, 
especially when used m conjunction with y-spectro- 
metry A notable omission from this section 1s the 
excellent paper by Smales and co-workers reportmg 
British experiences with this technique ; this paper 
is available ın Vol 2 of the United Nations pub- 
lications 
Other papers of note ın the remaming sections deal 
with the use of mfraaed spectroscopy for determ- 
mations connected with the use of heavy water in 
atomic energy work, and the use of non-destructive 
X-ray spectroscopy for the analysis of reactor fuel 
components  Fassel's spectrographic method for the 
determination of gases in metals 1s also described In 
the section on ‘Industrial Applications”, develop- 
ments m the analytical services given to the pro- 
grammes of the Industrial Groups of the UK 
Atomuc Energy Authority are described Other 
papers deal with the use of radioisotopes m Japanese 
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by employing the back-scattering of B-particles 
The editing of this book could have been better 
and the index should have been more detailed A 
price of 5 guineas for a book of this type 1s very high 
G W C MuneER 


NORTH AMERICAN MAMMALS 


The Mammals of North America 

By Prof E Raymond Hall and Dr Keith R Kelson 
Vol 1 Pp xxx+1-546+79 Vol 2 Pp vin+547~ 
1083+79 (New York The Ronald Press Com- 
pany, 1959) 35 dollars the set 


HE North American contment has a rich mammal 
fauna (995 species according to this compilation), 

and ıt has also a relatively high population density 
of mammalogists, among whom Prof E Raymond 
Hall is one of the best known With Dr K R 
Kelson, he has completed the enormous task of 
brmgmg together the most up-to-date facts and 
opimons about the taxonomy and distribution of 
North American mammals m an excellent production 

The costs of preparmg the manuscript, with its 
500 maps, 553 figures, and numerous lme drawings, 
must have been high, even by New World standards 
The completed work 1s a monument, not only to 
Prof Hall's ability as a mammalogist, but also to his 
talent for raismg funds from official sources 

Prof Hall’s attitude to the law of priority in 
nomenclature is regarded by some people as admur- 
able, and by others as intransigent It is certam 
that the vast majority of zoologists will regret his 
followmg Hershkovitz m callmg the Virgman deer 
Dama, ın the face of the request by the International 
Commussion on Zoological Nomenclature to ‘freeze’ 
the situation pending its decision If the change 18 
accepted (and here we find ıt m what will be a standard 
work for generations), 1b means that the European 
fallow deer, known to all as Dama, must be called 
Odocodeus The Commission will most probably 
decide to use its plenary powers to preserve stability 
in this mstance Likewise, the Commission is con- 
sidermg the question of the availabihty of Oken, 
1815-16, “Lehrbuch der Naturgeschichte”, and 
Morrison-Scott has asked ıt to vahdate, among 
others, the well-used names Criellus, Vulpes, Panthera 
and Pan Hall and Kelson have rejected Oken 
while the matter 1s still, so to speak, sub judice, and 
have made some regrettable changes 

One 1s surprised to find Merriam’s 78 species of 
bears still recogmzed, but this directs attention, to the 
fact that the authors have not attempted to revise 
questions of status, but have put forward the views 
of the most recent workers on a group, even when 
those views are patently unsound Many changes m 
taxonomic status wil occur, and many subspecies 
recognized here will disappear, but here they are, all 
clearly listed, and it 1s far preferable to summarily 
dismissing them as synonyms without explanation 

Everyone will be able to find something to disagree 
with in such a large work as this, but on tho whole the 
work will be welcomed by every worker on North 
American mammals It ıs essentially for the profes- 
sional, and outside the United States will have limited 
sales, but purchase by every university 1s obligatory 
For zoologistgs m other countries the distribution 
maps alone are worth the price 


PETER Crowcrorr 
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Synthesis of Linear Communication Networks 
Vols 1 and 2 By Wilhelm Cauer Second edition 
edited by Wilhelm Klem and Franz M Pelz  Trans- 
lated from the German by G E Knausenberger 
(McGraw-Hill Electrical and Electronic Engmeering 
Senes) Pp xxxvi+866 (London McGraw-Hill 
Publishing Company, Lid, 1958) 151s 


To classical work of W Cauer on network 
synthesis was first published in 1941 and has 
only now appeared m an English translation Durmg 
the fourteen years since the death of Cauer there have 
been many developments m network theory which 
have been treated at length m a number of recently- 
published text-books But Cauer’s work cannot be 
regarded as out of date nor 1s his book m competition 
with these modern American texts Rather is 15 one 
of those permanent collectaons of work from which 
modern theory derives 

The first part of the book contams a thorough 
treatment of one-termmal pair and two-termmal pair 
networks along lines which have now become familiar 
The image-parameter network is treated in very 
great detail and considerable attention grven to the 
design of filters In the second part, Cauer treats 
reactance networks in general and expands the theory 
of frequency band-separation networks, a subject 
neglected ın most other works 

An attempt 1s made to bring Cauer’s work up to date 
by the melusion of a 44-page appendix outlnmg 
the recent advances in network theory and presenting 
a classified bibhography contammg about 450 
references 


Advanced Analytical Chemistry 

By Prof Louis Mertes and Prof Henry C Thomas 
With a chapter on Infrared Radiation by Prof 
Robert P Bauman Pp x1+540 (London McGraw- 
Hull Pubhshing Company, Ltd, 1958) 69s 


ODERN thought m analytical chemistry centres 
largely ın the field of instrumental or physico- 
chemical methods, this 1s reflected m the ever- 
growing number of text-books dealmg with this 
subject, ether alone or as part of a study of ‘advanced 
analytical chemistry’ 

The present book, written by two authorities in 
the field of electrochemistry (as applied to analytical 
chemistry), 1s basically the outcome of seven years 
experience m teachmg undergraduate and graduate 
students at Brooklyn Polytechnic and the University 
of North Carolma On reading this book one can 
only envy these students their courses of instruction 

The book ıs divided mto twelve formal chapters 
which take the reader from a short but excellent 
discourse on the nature of analytical chemistry to a 
similarly well-written account of 1ome equilibria in 
solutions and then to a series of chapters dealing with 
selected methods of mstrumental analysis These 
include pH and redox potentiometry, conductometry, 
polaiography and amperometry, electrolytic methods, 
spectrophotometry (visible, ultra-violet and infra- 
ied), radiochemistry and finally 10n exchange and 
chromatography ‘This part of the text ıs concluded 
by a chapter on the development of an analytical 
method, this unusual inclusion m a student text 1s 
commendable in that ıt illustrates admurably the 
nature of analytical chemical research A number of 
appendixes then interrupt the text and these are 
followed by a longish (116 pages) section devoted. 
solely to about nmety practical applications of the 
methods discussed earher 
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Unhke many books on this subject, the present 
one gives promunenee to the theory of the methods, 
although umfymg this theory wrth the practical 
exercises The instruments themselves are sub- 
ordmated to the theory underlying ther use and it 
1s indeed refreshing to find that the student 1s taught 
the essentials of a method so well, often on sumple 
instruments, that when he encounters a more 
elaborate mstrument he can “confidently be referred 
to the manufacturer's mstruction book for informa. 
tion on how to turn the knobs” 

Much could be said about this book, but m the 
end the conclusion would be the same-—an excellent 
book, and well worth study not only by students but 
also by research workers in analytical chemistry 

W I SrEPHEN 


The Structure and Properties of Porous Materials 
Proceedings of the Tenth Symposium of the Colston 
Research Society held ın the Unirverswy of Bristol, 
March 24th-March 27th, 1958 Edited by D H 
Everett and F S Stone Pp xiv+389 (London 
Butterworths Scientrfic Publications, New York 
Academic Press, Inc , 1958) 60s , 12 dollars 


HIS is a collection of papers from the tenth 

Colston Research Symposium held m Bristol 
last year Its scope may be mdieated by listing 
the authors Rideal, Barrer, Wynne-Jones, 
Kington , de Boer, Everett, Dacey and Fendley , 
Flood, Wiggs, Kiselov, Foster and Thorp; 
Schofield , Mougey, Frangois-Rossetti and Imelik, 
Kavtaradze, Rance, Kmg,  Honeybone and 
Harris, Preston As the names mdieate, the 
authors’ interests range from. almost pure physics to 
biology The verbal discussions are particularly 
interesting, and show a faw degree of cross-fertilza- 
tion They have been taken from tape recordmgs, 
and the temptation to over-edit has been avoided 
A few staccato exchanges read like verbatim reports 
of eross-examination, and tho flavour of the individual 
contributions has been retamed The reviewer 
approves of this, though he can conceive that this 
approval will not be universally shared 


Demographic Yearbook [958 
(Special Topic Marriage and Divorce Statistics ) 
Pp viu4-541 (New York United Nations , 
London HM Stationery Office, 1958) Cloth, 
8 dollars, 57s , 34 Swiss francs Paper, 6 50 
dollars, 46s , 28 Swiss francs 


HE ‘Demographic Yearbook” of the United 
Nations contmues to provide the basic data 
for the population of the world The 1958 issue 
which has recently been published shows the annual 
rate of moerease of the world’s population over the 
period 1950-57 to be sixteen per thousand Central 
America, with a rate of twenty-srx per thousand, 18 
increasing fastest, North-West Europe, with a rate 
of six per thousand, shows the slowest rate of increase 
Figures of births, deaths, birth-rates, death-rates and 
expectations of life are again moeluded, but the special 
topic dealt with ın this issue is the statistics of 
marriage and divorce Data on marriages, the ages 
of persons married, smgly and m combination, and 
marriage- and divorce-rates are given for the various 
countries There 1s also an introductory chapter m 
which the uses of nuptiality statistics are discussed 
The volume contmues the standard of excellence 
that one has come to expect from its predecessors 
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SPIRAL AND OTHER GROWTH FORMS OF SYNTHETIC 
DIAMONDS: A DISTINCTION BETWEEN NATURAL 
AND SYNTHETIC DIAMOND 


By Pror S. TOLANSKY, F.R.S, and Dr | SUNAGAWA 


Royal Holloway College, University of London 


N our laboratory, we have, during the past fifteen 

years, exammed the surface microstructures of 
many hundreds of fine natural diamonds, mamly 
octahedra and dodecahedra, usmg precision optical 
techniques In view of the umportance of the screw 
dislocation theory of crystal growth, we have sought 
diligently for spirals on these diamonds but we have 
never yet found a smgle mdication of the existence 
of @ spiral on any of the several thousand faces 
examuned Nor, so far as we know, has anyone else 
Our techniques are sufficiently sensitive to reveal 
spiral growth sheets of height even less than 10 A We 
find with natural crystals that octahedral faces mvan- 
ably exhibit growth trigons, dodecahedral faces show 
striations, networks or elevated disks and cubic faces 
are extremely rough We are quite categorical about 
never yet having found a growth spiral on diamond , 
indeed, the only near resemblance to such was experi- 
mentally identified as a percussion mark, sumulating 
m its crack directions a crude resemblance to a 
spiral 

We have recently acquired some specimens of the 
mucro-diamonds made synthetically by the General 
Electric Company of Schenectady, some kindly loaned 
by Dame Kathleen Lonsdale, of University College, 
London, and some by Dr Custers of Johannesburg 
These are bemg subjected to a detailed exammation, 
using both interferometry and a particularly sensitive 
phase-contrast microscope, from Japan, which is at 
our disposal The new characteristics we describe 
here are shown by both samples They have not 
been reported before m the very extensive hterature 
on natural diamonds We describe here three 
new characteristics shown by these synthetic 
diamonds 

(1) There are occasional cubic faces on the synthetic 
diamonds which have a highly perfect smooth optical 
finsh Fig 1 (x 480) shows such a cubic face photo- 
graphed with the sensitive phase-contrast microscope 
It should be mentioned that this microscope has 
successfully revealed steps on other crystals which 
we have estabhshed mterferometrically to be as 
small as some 25 A It follows, therefore, that the 
relative uniformity of the phase-contrast picture is 
evidence of an exceptionally smooth flat perfection 
of surface, a perfection locally approaching uniformity 
of the order of lattice dimensions Such smooth 
perfection on cubic faces is quite unknown on natwal 
diamonds, although we have found such perfection 
occasionally on one or two highly perfect natural 
octahedral faces 

(2) Quite a number of synthetic diamonds reveal a 
new form modification They are typical dendrites 
These dendrite characters we find m two distinct ways 
On most diamonds they appear as network (den- 
dritic ?) overgrowths (see Fig 2, x 480) Shp effects 


are also clearly visible We believe the dendritic 
markings to be diamond since both strong heat and 
chemical reagents do not affect them However, far 
more striking is the occasional occurrence of complete 
dendritic crystals, typical examples of which aie 
shown ın Fig 3 (x 75) 

In connexion with these dendrites attention 18 
directed to the fact what they most closely resemble 
in shape some germanium dendritic crystals in our 
possession, and, of course, 1t will be recalled that the 
germanum crystal has the diamond structure 

So far as we know, completely dendritic crystals 
such as we find here m synthetic diamond have 
never been reported for natural diamond, so that we 
have a second distinction between the synthetic 
and the natural crystals 

(3) Our most notable observation has been the 
discovery of several spiral growths on quite a number 
of the good-quality cubic faces of the synthetics 
Fig 4 (x 480) shows our finest example, taken with 
the phase-contrast microscope On the original 16 can 
be clearly seen that the spiral arms are kmked, but 
that the separate camponents of the kinked arms 
are rectangular, the units are parallel to the edge 
between cubic and octahedral faces This establishes 
that the spiral really does belong to the diamond, for 
if ib were a foreign overgrowth 1b would be too remote 
a possibility to find something completely epitaxial 
m lattice to fit the cubic face of the diamond In 
any event we cannot remove the spiral and are quite 
satisfied that it 1s really diamond 

From our famiharity with comparison of our 
phase-contrast pictures with our multiple-beam mter- 
ferograms on other crystals we can make a reasonably 
confident estimate of the step height of the spiral 
We estimate this to be of the order of some 100 A 
The quahty of the surface between the spirals is 
very good, and on our o11ginals we see close evidence 
of a secondary much weaker spiral origmmatmg from 
the same dislocation region 

The kinking of the spirals ıs remmuscent of those 
we have seen at times on organic crystals and bears 
no resemblance to the silicon, carbide spirals so often 
recorded in our laboratory Ther character 1s 
essentially cubic The setting on our phase-contrast 
instrument tells us that these are true hillock 
spirals, the centre bemg the high 1egion, as 1s to be 
expected 

A number of spuals have been found on different 
crystals, and 1t would appear that most of them 
favour origmatmg near a corner of the cubic face 
Fig 5 (x 650) 15 one such corner spiral and Fig 6 
(x 650)1s another Fig 6 exhibrts a further mterest- 
mg topographical characteristic, m that there are 
quite clearly shown a number of distinct slip lmes 
crossing the spiral arms 
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Two matters appear to call for comment. The 
first is that these micro-crystals were grown rapidly, 
which is probably far from the case of the natural 
diamonds. A second, and perhaps more important, 
point is that, according to Dame Kathleen Lonsdale, 
this type of synthetic diamond may have up to even 
3 per cent impurity included, in the form of metal 
carbide. It may well be that the inclusion of so much 
metal carbide in the lattice is responsible both for 
the appearance of the dendritic form and also for 
the appearance of the spiral dislocation, since neither 
of these features appears in the natural diamond. 

Having made these observations, we secured for 
examination, through the courtesy of Mr. R. G. 
Mason, of Industrial Distributors (London), Ltd., no 
less than fifty well-formed natural cubie diamonds. 
All were Congo boarts, and the idea behind this was 
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The colours were 
Many of the 300 faces 
available are hopelessly too rough for precision 
optical examination, but some of the smaller stones 


that we wished to examine 
clearly contained impurity too. 
greys, browns and blacks. 


were of reasonable surface quality. We have found 
no trace either of (a) a high-quality surface or (b) 
spirals. 

Thus we still confirm the complete absence of any 
growth spirals on natural diamond faces, whether 
octahedral, dodecahedral or cubic. We therefore 
incline strongly to the view that both the spirals and 
dendrites reported here are due to some special 
causes distinguishing the synthetic from the natural 
diamond, This may be either due to different con- 
ditions during formation, or alternatively it may be 
due to metal carbide inclusion, 


A VIVIPAROUS DEEP-SEA JELLYFISH 
By DR- F. S. RUSSELL, C.B.E., F.R.S. 


Marine Biological Association, Plymouth 


N a eruise off Santander, to collect deep-sea 

animals for Dr. 8. K. Kon and Dr. L. R. Fisher, 
of the Development Commission Fisheries Research 
Biochemical Unit, R.V. Sarsia brought up on October 
18, 1959, in a deep haul with the Isaacs Kidd pelagic 
net (3,300 metres of wire out) a very remarkable 
jellyfish (Fig. 1). 

This is a deep brownish-red and plum-coloured 
semaeostome seyphomedusa measuring about 50 em. 
across the umbrella. It has four simple mouth arms 
each more than 1 metre in length. It apparently 


has no tentacles. The stomach is about 25 em. in 
diameter and from it issue 17 or 18 straight radial 
canals alternating with a number of canals joined 
to form networks and running for 6-7 em. towards 
the umbrella margin, after which they all break up 
peripherally into a much finer anastomosing network. 
The margin is somewhat damaged but there are 
indications of a continuous ring canal. There are four 
inter-radial gonadial pores each 1-5 em. in diameter. 

But the most remarkable feature is that the 
medusa is viviparous. Each of the four gonads 
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Fig. 1. Stygiomedusa fabulosa n.g.,n.sp. There is a metre rule in the foreground 





Fig. 2. Right: two normal-type young medusae of S. fabulosa ; the remaining three objects are different stages of development 
of the reduced medusae, ( x c. 1) 
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bears several white ovoid bodies attached to :ts 
wall These are elongated and narrowing sharply 
distally, and they vary m size from 1 Oem x 0 5em 
to 50 em x25 cm One still larger, 7 5 em x 
5 0 cm, contams a large developmg medusa) There 
are two fully developed young, each about 10 em 
m diameter These are perfect except that each has 
a large hole m the apex of the umbrella, presumably 
where they were, perhaps prematurely, separated 
from the stalk They have 20 or 21 marginal senso 
organs and about sixty margmal lappets Nether 
has any tentacles and this confirms ther absence 
m the adult The mouth arms are well developed 
and broad and filamentous The developing gonads 
are already fully visble There are many canals 
issuing from the stomach, all formmg a very branched 
network of eanals around the periphery as in the 
adult This network runs into a continuous ring 
canal round the margin 

There are also four objects which I thought at 
first to be developmg young bioken away from their 
stalk Two of these appear as rather featureless lumps 
of jelly with a honeycombed pattern In one there 1s 
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the obvious beginumg of the development of a lobed 
umbrella margm and there is one which has de- 
veloped mto a flat disk-hke object about 10 mm in 
diameter (Fig 2, left) This is evidently a reduced 
medusa, because ıb has ten margmal sense organs, 
but no mouth The nature of these bodies must 
await further exammation 

There ıs no doubt that this is an entirely new 
semaeostome scyphomedusa commg near the Ul 
mariae but differing ın the absence of tentacles 
I am naming it Stygoomedusa fabulosa ng, nsp, 
and I hope later to be able to give a more detailed 
description 

The position of capture was approximately lat 
44°N, long 3° 45’ W It cannot be said from what 
depth the specimen actually came, but from its 
coloration and 16s habit of viviparity ıt must certamly 
normally hve at great depths 

I would like to thank Capt C A Hoodless and all 
those on board R V Sarsıa for the care they took 
in preserving this specimen and brmgmg it back 
safely to the laboratory, and Mrs E A Peace for 
taking the photographs 


CONSERVATION IN THE SCOTTISH HIGHLANDS 


SYMPOSIUM on “Conservation m the Scottish 
Highlands” was held by the Scottish Branch 
of the Institute of Biology during September 29 and 
30 1n. Glasgow, followed on October 1 by an excursion 
to the Black Wood and Moor of Rannoch The follow- 
mg papers were read “Problems of Conservation m. 
the Highlands”, by Prof W H Pearsall (Nature 
Conservancy), "Geology of the Scottish Highlands 
and Islands”, by A C MacGregor (Geological Survey 
of Great Britam, Edinburgh), “Soll Conditions m 
the Highland Areas", by R Glentworth (Macaulay 
Institute for Soil Research, Aberdeen), “Sou Erosion 
in Scotland”, by E M Gorrie (ex-Indian Forest 
Service, Edmburgh), “The Role of Bracken m 
Highland Ecology”, by Prof K W Braid (Aber- 
deen), “Scottish Soils mm Relation to Afforestation”, 
by W O Buns (Macaulay Institute for Sol Re- 
search), “Peat Afforestation”, by M V Edwards 
(Forestry Commission), '"The Effect of Conservation 
Practices on Animal Distribution”, by W J Eggeling 
(Nature Conservancy), and “Conservation of Sheep 
Grazmg", by R F Hunter (Hill Farmmg Research 
Organization) The present article 1s based on these 
papers and on the discussions which followed them, 
and the views expressed are not necessarily those of 
the reviewer 
The Scottish Highlands comprise, m a geological 
sense, that part of the country to the north and 
west of the Highland Boundary Fault This area, in 
addition to the traditional erofting counties, mcludes 
more prosperous farming counties such as Aberdeen- 
shire, Moray, Nawnshire, Banffshire and pats of 
Perthshire It ıs ın the crofting counties that the 
problems of depopulation, social decay and land 
degradation have reached serious proportions, and 
1t is these that are causmg concern 
When considermg the Highlands, and conservation 
there, 16 is important first to pose the question, 
what are we trying to conserve ? It must be realized 


that this is a devastated habitat if the human and 
domestic animal populations are considered, the ratio 
one to the other, and the density, 1n. the poorest parts 
of the Fhghlands, are of the same order as m parts 
of Africa where the country is deseribed as semi- 
deserb 

All the evidence shows that the Highlands were 
once much moie fertile than they are to-day Re- 
mains of large trees are found ın desolate peat bogs , 
hillsides now baie and scree-covered show & brown 
forest soil below the accumulated debris of erosion , 
remams of human habitations are found associated 
with the remains of very large red deer at elevations 
of more than 2,000 ft , where now there 1s only cotton 
grass, heather and Nardus 

The blame for the present desolation that char- 
acterizes much of the Highlands has often been leid 
on à deteriorating climate, and while it seems fairly 
certam that the chmate has got worse m the past 
2,000 years—-wetter and colder—this period coincides 
with man’s fist large-scale impact on Highland 
biological systems the two cannot therefore be 
separated, but wherever deterioration has occurred, 
man has been present It ıs therefore mportanti to 
geb an idea what the country was like before man 
mterfered, 1f any conclusions about land-use reached 
are to be correct 

The Highland vegetation about 2,500 years ago 
consisted mamly of forest, gradmg mto shrubby 
heath at 2,000-3,000 ft, which merged into arctic 
alpme vegetation where the hills were high enough 
Tension zones would have existed between these 
vegetation types, and in the deteriorating climate 
both blanket and raised bog tended to form ex- 
tensively, and these gradually killed out much forest 
on the higher slopes Fellmg and grazmg would 
mean retreating forests on the lower slopes Work in 
another mountamous area, the English Lake District, 
has shown that if the nitrogen content of lake de- 
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posits is taken as a measure of soi fertility at the 
time of deposition, and the flora of that time assessed 
from pollen 1emains, then fertility fell at the same 
time as the forests were cleared 

Though the natural biological system has been 
evolved over millennia, and 1s best adapted to the 
environment, ıt is not practicable to 1¢e-afforest 
all the land that has been cleared m the past 
two thousand years, and a compromise must be 
reached 

The failme of the 1745 11smg and the break up 
of the clan system, with the mtroduction of sheep 
to the Highlands on a laige scale for the first 
time, resulted m rapid devastation of the forests, 
already depleted by earlier fellings, and the slow 
death of large forest areas due to the prevention of 
natural regeneration by grazing Sheep have thus 
been abundant m the Highlands for only 200 years, 
and though compilation of an accurate record of 
sheep populations presents great difficulties, ıt does 
seem that while numbers m the Highlands have 
declmed in the past ninety years, m the Southern 
Uplands they have 1emamed steady This decline 1s 
probably due m part to too great a dram bemg made 
on the meagre natural iesources of the Highland 
areas the rocks are in geneial metamorphic forma- 
tions poor in nutrients, with more fertile sedimentary 
deposits only occurrmg in quantity m Orkney, Carth- 
ness and the Moray Firth area — Agriculture m these 
areas must therefore be at a lower level of productivity 
than ın areas more favoured geologically and chm- 
atically Recent work by the Hill Farmmg Research 
Organization has shown that one reason for the 
gradual decline in the fertility of sheep runs is the 
feeding and manuring pattern, which causes a re- 
distribution of nutrients fiom one vegetation type 
to another, m addition there are the normal losses 
due to leachng and marketmg sheep, which must 
be made good artificially The high ratio of sheep 
to cattle has been cred as a cause of degrada- 
tion, and as the presence of cattle helps to put 
right the damage due to differential manurmg, the 
two animals are truly complementary , any relative 
inerease m the numbers of cattle is therefore 
beneficial 

The problem of spread of bracken is important 
in the Highlands, and though clearance 1s expensive 
there appears to be little doubt that with modern 
methods much quite good land could be cleared 
economically 

A great morease in the land area under forest m 
the Highlands has already been achieved by private 
owners as well as by the Forestry Coramussion, and 
the Commussion now has authority for ‘social plant- 
ing! m areas where 16 would normally be uneconomic 
The soil types available fo. Highland afforestation 
are peaty podzols with non pan, peaty gleys, mon 
podzols, brown, forest soils and deep peat Peaty 
podzols and deep peat are two difficult types available 
in large amounts, and on both these the problems 
of establishment have been solved, now that suitable 
ploughing equipment has been developed and the need 
for additional phosphate realized , additional potash 
wil probably be required on many peat soils Pole- 
stage crops at least can be raised on deep peat 
domunated by Trichophorum, and unless wmd- 
throw proves serious, plantations should be successful 
m many Fhghland areas hitherto considered un- 
plantable It must be remembered, however, 
that blanket bog 1s the climatic chmax m many 
areas 
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Erosion has often resulted from deforestation, 
long-term oveigrazing and bad drammg and plough- 
ing practices, these causes of erosion can be ehm- 
inated, though much damage has already been done 
If in the relatively equable climate of Scotland 
erosion never takes place on a tropical scale, sheet 
erosion still accounts for an enormous loss of top 
soul, though this ıs seldom admitted by farmers The 
practice of repeated burning, especially on peaty 
soils, results ın degradation of the flora and eventual 
erosion 

A numbei of imterests and o1ganizations axe con- 
cerned with the Highlands—forestry, croftmg, sheep 
and cattle farming the Hydroelectric Board, fishing, 
Shootmg, and not least tourism At present, these 
interests tend to go ther own ways Rural develop- 
ment surveys of a number of Highland areas covermg 
more than 3,000,000 acres have recently been made 
by the Department of Agriculture, and m consulta- 
tion with the Forestry Commission they are deciding 
the best division of land foi each naturally de- 
marcated area, however, there ıs no guarantee 
that owners and crofters will co-operate m these 
schemes 

The future of the Highlands 1s bound up with the 
future of croftmg Whether, in this age of mechanized 
agriculture, croftmg as ıb 1s at present practised can 
survive 18 still doubtful Unfortunately, such a haze 
of emotion overlies and obscures the whole subject 
that 16 1s very difficult to obtain an, objective view 
Although where the Forestry Commission has been 
workmg on any scale the drift to the towns has been 
stopped, crofters are not always willing to work for 
the Commission, and labour may have to be brought 
into areas where unemployment 1ehef was the origmal 
objective 

The integration of farmmg and forestry 1s a pre- 
requisite of proper land use There axe, however, con- 
flicting claims, for 1f lower and middle slopes of glens 
aie planted with trees, the ratio of inbye to hill land 
—usually about 6 94 per cent, which is already 
too low—will be stil furthe lowered A possible 
solution ıs to use red deer as grazmg animals foi 
the high tops, treating them as à natural resource 
The population of red deer ıs admitted to be higher 
than the land can zeasonably carry, and as ıt 1s un- 
desnable to re-mtroduce the carnivores which are the 
natural predators, man must control then numbers 
For example, the Nature Conservancy has calculated 
that the herd of red deer on Rhum should be reduced 
by a half to two-thirds, and the same is probably 
true for most parts of the Highlands 

A comparison with other 1egions may show what 
is needed In Sweden, agriculture ıs subsidized by 
forestry, and English and Lowland agriculture 1s 
effectively subsidized by mdustry, while m the High- 
lands, some of the natural resources, fo: example 
electric power and water, are exported with little 
or no return the Hydroelectric Boaid benefits from. 
afforestation by a reduction of the rate of siltmg 
m reservoirs, and water boards benefit from an 
evening-out of run-off 

Work by the Nawure Conservancy, Forest: y Com- 
mission Research Branch, and Hill Farming Research 
Organization, to mention only three bodies, 1s fillmg 
m many gaps m our knowledge of Highland biological 
systems, but the general mpression the reviewer 
gamed from this stimulating symposium was the need 
for more basic mformation, and for a more vigorous, 
integrated, approach to the Highland problem by all 
concerned W O Bys 
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OBITUARY 


Prof G O Sherrard 


Wira the death in September last of Prof G O 
Sherrard, affectionately known to all as 'G O', 
horticulture in general and Irish horticulture m par- 
ticular has lost a most distinguished devoted scholar 
He was born seventy-six years ago on the family 
estate near Cork City As a boy, he had two great 
ambitions, to become & gardener and to teach His 
father appeared to have different ideas and sent him 
to Westward Ho, Old United Services College and 
later to Woolwich Mihtary Academy, where he 
received his commission 

A wish to travel prompted Sherrard to volunteer 
for foreign service He was sent to Gibraltar, where 
he contiacted Malta fever Home on sick leave and 
advised to adopt an outdoor life, he naturally and 
fortunately chose horticulture The soldier turned 
gardener now tramed at Albert College, and after- 
wards entered the Royal College of Science, Dubhn, 
on a scholarship, where m 1910 he obtamed the 
ARCSeI 

After a short peiiod as a teacher of rural science 
in Co Kildare, he was awarded. a scholarship by the 
Development Commissioners and went to the John 
Innes Horticultural Institution to study genetics 
and plant breeding under Prof W Bateson He 
interrupted study for active service in the First 
World War, 1eached captain’s rank and was awarded 
the Military Cross 

From war to study agam, and then back to Ireland 
as lecturer m horticulture m the Royal College of 
Science At the foundation of the Faculty of 
Agriculture in 1926 he transferred to University 
College, Dublm, where in 1940 he became pro- 
fessor of horticulture—lIreland's first horticultural 
professor 

The Royal Horticultural Society of Ireland awarded 
him its Gold Medal for conspicuous service to Irish 
horticulture in 1941, and m 1953 the Horticultural 
Education Association, elected him as president, the 
first and only Inshman to be so honoured He was 
an active member of the council of the Royal Horti- 


cultural Society of beland and was president of that 
Society durmg 1955-58 

Prof Sherrard was a wonderful teacher and a fine 
research worker, who contmbuted nobly to Insh 
prosperity In his hfe-time, he witnessed a complete 
change in the horticultural pattern—a transition 
from the big estate garden to that of the suburban 
villa, and the 16markable development of commercial 
horticulture withm the past quarter of a century 
Quick to perceive the change, and adequate to cope 
with the changmg requirements, he provided trained 
personnel for advisory, research and admunistrative 
posts He was an inspnation and guide at a very 
exitical period 

Although Sheirrard's name as a research worker 
tends to be lmked almost exclusively with his won- 
derful pioneering work on Brussels sprouts, he found 
time during a very busy life to publish papers dealing 
with the nutritional, breedmg and croppmg aspects 
of vegetables, fruits and glasshouse crops He gave 
many pubhe lectures, wrote a book on frut and 
vegetable growing, contributed weekly press articles 
on popular gardening, and through friendly mforma- 
tive weekly gardenmg talks from Radio Eireann 
became the doyen of Imsh broadcasting 

His outstandmg work has been concerned with the 
breeding and improvement of commercial strams of 
Brussels sprouts, on which he embarked m 1924 Out 
of the chaos of that time he created a high order, 
and as monuments to his skull, patience and abiding 
mterest he has left behmd such wonderful vazeties 
as Glasnevin Supreme, Irish Elegance and the freezer 
Irish Glacier In whatever clime this crop 1s grown, 
Sherrard’s name will be remembered and honoured 

Modesty and simpheity were innate characteristics 
of the man who put Glasnevin and Ireland before 
self-exaltation An octogenarian, thmkmng aloud at 
his graveside, summed up what all of us who knew 
him felt in our hearts—-‘he was a great man and a 
thorough gentleman” We are the poorer for his 
passing, but take heart from his fine example 

E CLARKE 
A TURNER 


NEWS and VIEWS 


General Post Office. Engineering Appointments 


(Tug POSTMASTER GENERAL has approved the 
appomtment of Mr A H Mumford, deputy engineer- 
in-chief, to be engmeer-m-chief in succession to 
Sir Lionel H Haris, who 1s retirmg on January 31 
Capt C F Booth and Mr D A Barron, both of 
whom are assistant engmeers-m-chief, have been 
appomted deputy engineers-in-chief 


Sir Lionel Harris, KBE 


Sir Lionet Haris jomed the Post Office Research 
Branch at Dolls Hill m 1922, havmg spent four years 
with Signals m the Australian Imperial Forces and 
graduated im the University of London from the 
City and Guilds Engmeermg College He was super- 
mtending engineer of the North Midland District 


of the Post Office on the outbreak of war in 1939, 
when he left to jom his 'eriitorial Army unit After 
Dunkirk he successively commanded GH Q Signals, 
was chief signal officer, Lines of Commumeation , 
and finally for two years chief of General Eisenhower's 
Telecommunications Section After the War he 
became for four years director of the Post Office m 
Scotland, then controller of 1esearch and finally (m 
October 1954) engineer-in-chief 


Mr. A. H. Mumford, OBE 


Mr A H Mumrorp was born ın London in 1903 
and was educated at Bancroft’s School and the 
University of London He entered the Post Office in 
1924 as an assistant engmeer, before very long he 
jomed the Dollis Hall Research Laboratory, where he 
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was paiticularly concerned with short- and ultra- 
short-wave radio systems and with multi-channel 
telephony and television transmission over coaxial 
cables He was mvolved m the development of the 
first trans-Atlantic radio-telephone service, visiting 
the United States m connexion with this in 1927 
He was also closely connected with work on the 
remote-controlled short-wave radio transmitters when. 
the Post Office Rugby Radio Station extension was 
bemg designed He was ın charge of the Post Office 
Radio Branch durmg much of the wai period He 
became deputy engineer-m-chief of the Post Office m 
1954 Mr Mumford has been a vice-president of the 
Institution of Electrical Engineers since 1958 


Capt C. F Booth, O B.E. 


Carr CO F Boors started in the Post Office in 
1923 and was for twenty-five years mm the Radio 
Branch Laboratories of the Post Office Research 
Station at Dollis Hill He is an international expert 
on quartz-crystal and primary-frequency standards 
and is part author of a comprehensive text-book on 
the subject “Quartz Vibrators and them Applica- 
tions" Hoe 1s at present leading the United Kingdom 
delegation to the International Telecommunications 
Union Radio Conference in Geneva In 1952, Capt 
Booth was appomted deputy director of the newly 
established External Telecommunications Union 
He returned to the Engineermg Department as 
assistant engmeer-1n-chief of the Post Office m 1954 


Mr. D A Barron 


Mr D A Barrow was born m Bristol m 1907 
and was educated at Bristol Grammar School and 
the University of Bristol He entered the Post Office 
Engineering Department as a probationary assistant 
engineer m 1927 and gained his early experience in 
the Technical Section of the former South Western 
Engmeermg District at Bristol and m Plymouth 
He was transferred to the Telephone Branch of the 
Engmeer-in-Chief’s Office ın 1940 as assistant staff 
engmeer In 1945, he led a team which went to 
India to prepare plans for the transfer of the Calcutta 
telephone service to automatic workmg On his 
return to Britam m 1947 he was placed m charge of 
a working party which examined the problems of 
subscriber trunk diallmg which was introduced in 
Bristol a year ago He was appomted assistant 
engmeer-1n-chief in 1954 


Anima! Research at the Commonwealth Scientific 
and Industrial Research Organization 
Mr D A Gill 


Mn D A Qur, chief of the Commonwealth 
Scientific and Industrial Research Organization 
Division of Animal Health and Production, has 
retired after a lifetume of service to the animal 
mdustry A graduate of the Royal College of 
Veterinary Surgeons, London, he jomed the Organ- 
ization in 1934, succeeding the late Sir Ian Clunies 
Ross as officer-m-charge of the McMaster Animal 
Health Laboratory in the grounds of the University 
of Sydney He took a leading part in the practical 
development of methods for the control of blow-fly 
strike m sheep He has been mfiuential m improvmg 
facilities for research for the sheep mdustry and 
‘was closely associated with the establishment of the 
Organization’s laboratories at Prospect and Armi- 
dale, New South Wales, and Yeerongpilly, Queens- 
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land For some years Mr Gull lectured on veteiinary 
bacteriology at the University of Sydney During 
the Second World War he was seconded for a time as 
pastoral adviser to the Department of War Organ- 
ization of Industry Instead of appomting a suc- 
cessor to Mi Guill the executive of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion has decided to split the large division (which has 
an annual budget of £850,000) mto three divisions, 
namely, the Division of Animal Genetics, the Division 
of Animal Health and the Division of Anunal 
Physiology 


Dr J M Rendel 


Tue new chief of the Division of Animal Geneties 
wil be Dr J M Rendel, of Sydney Dr Rendel 
went to Austraha m 1951 from the Institute of 
Animal Genetics in Edinburgh As assistant chief of 
the Division of Animal Health and Production he 
has taken part ın much of the Orgamzation’s animal 
breeding work, and has been particularly mterested 
m cattle In 1958 he made a report on the cattle 
industry m Papua and New Guinea for the Depart- 
ment of Territories 


Dr T S. Gregory 


Dr T S Grecory, of Melbourne, has been 
appomted chief of the Drvision of Anrmal Health, 
with Dr D F Stewart, of Sydney, as associate chief 
Dr Gregory has been on the Organization’s staff 
since 1926, except for a period of eight years as 
lecturer ın bacteriology at the University of Mel- 
bourne, and durmg the Second World War 


Dr. i. W McDonald 


Tre Division of Animal Physiology will be led by 
Dr Y W McDonald of Sydney Dr McDonald 
gamed a Hawkesbury diploma in agriculture before 
undertaking his course in vetermary science at the 
University of Sydney Before bemg appomted 
officer-in-charge of the Organization's Sheep Biology 
Laboratory at Prospect m 1955, he had spent several 
years at the Institute of Ammal Physiology m 
Cambridge, England 


Underground Test Explosions in Britain 


Tue Prime Minister said m the House of Commons 
on July 30 that HM Government has decided that 
tests involvmg small underground firmgs of con- 
ventional explosives should be carried out in the 
United Kingdom to obtam information on the 
detectability of small underground nuclear explosions 
He emphasized that no radioactive materials would 
be used The United Kmgdom Atomic Energy 
Authority more recently announced that preparations 
were m hand for the first series of tests to be 
carried out towards the end of this year m a disused 
muneshaft m the Kit Hull area, north of Callmgton, 
Cornwall The Atomic Energy Authority, m con- 
sultation with the Atomic Energy Division of the 
Geological Survey, has now located a suitable site 
for a further series of tests at the Greenside lead 
mine, Glenridding, Westmorland This mine was 
about to be closed The owners of the mine are 
co-operating m the arrangements and have agreed 
to carry out the civil engineermg work involved in 
preparmg the underground chambers m the mme for 
the tests Preparations at the mune will begm shortly, 
and 1t 18 planned to carry out the tests m a few weeks 
time The potential productive capacity of the mme 
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wil not be mpared by the tests The proposed 
series of tests will mvestigate the effects of firmg 
charges at greater depths, and of greater size than 13 
possible m the Kit Hill mme Precautions will be 
taken to ensure that there will be no surface dis- 
turbance or damage It ıs planned to register the 
results on seismic instruments at various distances 
from the mme Local authorities and other interests 
concerned are bemg consulted and planning per- 
mission 18 bemg sought 
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British Neutron Source Thermal Reactor 


THe United Kingdom Atomie Energy Authority 
has signed a contract with the Hawker Siddeley 
Nuclear Power Co for the purchase of a reactor to 
be installed at the Atomic Energy Estabhshment, 
Winfrith, Dorset, to be ın operation by December 
1960 Contracts for shielding, and other equipment 
associated with the reactor, are bemg placed The 
reactor, which wil be known as Nestor (Neutron 
Source Thermal Reactor), ıs based upon the Com- 
pany’s Jason reactor Its purpose will be to provide 
the neutrons required for the expermmental assem- 
bhes of nuclear fuels and moderators which are used 
to obtam data for the design of future reactor systems 
To meet the requirements of the Authority, the 
Jason reactor has been modified to be capable of 
continuous operation at a power of up to 10 kW 
and its layout has been altered so that ıb can drive 
up to five experrmental assemblies sumultaneously 
Details of the modifications have been worked out m 
collaboration between the Authority and the Com. 
pany The nuclear fuel ın Nestor is an alloy of highly 
enriched uranium and alummium arranged m an 
annulus Natural water is used both as coolant and 
moderator The reactor 1s capable of operation of 
10 kW giving a thermal neutron flux of 101! neutrons 
per cm ? per sec ın the centre of the core and of up 
to 10? neutrons per cm ? per sec m typical assemblies 
The thermal neutron flux can be varied by altering 
the reactor power-level, by usmg neutron shutters or 
by arrangmg the fuel loading m the annular core 


Dungeness and the Nature Conservancy 


In the light of the Government's recent decision 
to consent to the construction of a large nuclear 
power station on Dungeness, the Nature Conservancy 
states that the direct and indirect repercussions of 
the power station on the remaimmg area show con- 
clusively that the future scientific mterest will be too 
much reduced to qualify 16 for the status of a national 
nature reserve The proposed Dungeness National 
Nature Reserve is accordingly abandoned and the 
negotiations for ıt will not be pursued The Con- 
servancy will not, however, cease to concern itself 
with the preservation of such assets as can stall 
be saved For this purpose the undeveloped area 
(apart from that section now compulsorily pur- 
chased by the Central Electricity Generatmg Board) 
will remain designated by the Nature Conservancy 
under Section 23 of the National Parks and Access 
to the Countryside Act, 1949, as a ‘sıte of special 
scientific mterest’, and the Conservancy will accord- 
ingly continue to be consulted about any further 
development which may be proposed for any 
other parts of the area The Conservancy will 
in particular welcome and encourage any measures 
which the Royal Society for the Protection of 
Birds may be able to take for mamtaimmg and 
defending the fauna and flora and, m particular, 
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the bird-hfe of the 1234 acres of shmgle which 
it owns between the power station sie, the Lydd 
Army Ranges and the bungalow settlement If 
Kent naturalists wish to attempt further salvage 
work m the remaming area of the ‘site of special 
scientific mterest’ they will have the Conservancy’s 
support The Conservancy will contmue to keep m 
touch with the Central Electricity Generating Board 
and its contractors with the view of miammuzing 
destruction of scientific mterest over the area sur- 
rounding the power station site 


Field Studies 


ANNUAL reports of the Field Studies Council have 
recorded accounts of scientific mvestigations which 
have been made m sieas surrounding the Council's 
field centres in Pembiokeshme, Suffolk, Surrey, 
Yorkshire, Salop and Devon The growth of these 
centres and the imcreasmg amount of origimal work 
which is bemg carried out at them have made it 
impossible to publish anything but a small part of the 
material available The Council has now decided to 
issue an additional publication about new knowledge 
bemg gained ın field-studies connected with archeol- 
ogy, botany, geography, geology and zoology ‘Field 
Studies” will appear once yearly and, m time, 16 18 
hoped that the series of papers published for each 
centre will have grown mto a thorough local survey 
The first issue (‘Field Studies", Vol 1, No 1 (May 
1958) Copies obtainable from the Pubheity Seere- 
tary, Field Studies Council, Ravensmead, Keston, 
Kent 5s) deseribes the birds, land-use, farm 
practice, and climate of parts of the Dale penmsula , 
the land snails of Flatford, the geomorphology of the 
Tillngbourne, stratigraphy and pollen analysis of 
Malham Tarn and Tarn Moss, the geography of the 
Alberbury Breccia, and freshwater studies m the 
Shropshire Union Canal 


The Young Darwin 


To mark the hundredth anniversary of the 
publication of Darwin’s “Orgm of Species’, a 
commemorative oration was delivered by Prof C F A 
Pantm, at Christ's College, Cambridge, on September 
29 (“Young Darwin and the ‘Origin of Species” By 
Dr C F A Pantin Pp 17 Cambridge Christ’s 
College, 1959) The address was noteworthy for a 
number of features Attention was concentrated not 
on an old man suffermg from ill health but on the 
pleasant, virlo young man who went up to Christ's 
College m 1828 to prepare himself for the Church , 
the reasons for Darwin’s subsequent 1l health were 
also examined by Prof Pantm, who suggested that 
this may have been due not to any suppressed psycho- 
logical antagonisms towards his father, but to the 
hardships and rigours encountered durmg the five- 
year voyage on H MS Beagle, a 10-gun brig of only 
242 tons Darwin’s contributions to knowledge m 
many branches of natural history melude references 
to the origins of coral seas There are also some 
valuable gleanmgs of the way 1n which “The Origm 
of Species" emerged 


The London Mathematical Society 


THE annual general meeting of the London Mathe- 
matical Society was held on November 19 at Bur- 
lmgton House The De Morgan Medal was presented 
to Sir Wilham Hodge, physical secretary of the Royal 
Society and Master of Pembroke College, Cambridge 
In presentmg the Medal, the president (Prof H 
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Davenport) paid tribute to Sw Wilham's distinguished 
work m algebraic and differential geometry Prof 
Davenport briefly reviewed the Society’s affairs, and 
announced that a loan granted by the Nuffield 
Foundation had enabled the Society to begin re- 
prmting those of 1ts publications which are out of 
print He also announced that the Oxford University 
Press had agreed to publish the Collected Papers of 
G H Hardy, with the assistance of an editorial 
board appomted by the Society Prof H Heilbronn 
(University of Bristol) was elected president for the 
ensuing session The retarmg president delivered his 
presidential address on “Some Recent Progress m 
the Analytic Theory of Numbers” 


Model Marine Engines 


Liverroon Public Museums have recently placed 
on exhibition a series of working models of steam 
reciprocating marmo engmes They cover the period 
1837-1937 and start with the side-lever paddle engme 
of 1837 Then comes a set of oscillatimg cyhnder 
paddle engmes of the 1840’s Also m the paddle 
engines section is a set of diagonal compound 
maehimery of about 1890 Screw propulsion came 
into general use durmg the 1840’s and '50's, and the 
earliest model 1s of the horizontal return connectimg- 
rod type All the remamung screw engines are 
inverted durect-acting The models are displayed 
working, and the side-lever and oscillatmg cylmder 
engines run at ten and twelve revolutions & mm- 
ute, which is ther correct worlong speed The other 
models run at forty revolutions a minute, which 
18 well below the average speed of then real 
prototypes Running at this low speed 1s necessary, 
however, to preserve the bearings of the models, for 
they have been acquired for posterity as well as the 
present generation The models are fully described 
m a paper by Mr E W Paget-Tomlmson m the 
October issue of the Museums Journal 


Replicas of Workshops 


Tue Museums Journal of September includes an 
account by Mr Keith Dunham of the workshops 
which have been reconstructed ın the Museum of 
Serence and Industry at Brmmgham ‘The city has 
always had a reputation for a multipheity of trades, 
all of which have grown from the skill m 1ron-workmg 
possessed by the mhabitants since early times The 
buildmg erected ın the mid-nmeteenth century m 
which this Museum is now housed was formerly the 
premises of a firm of silversmiths and electroplaters, 
and thus gives an excellent background for recon- 
struction of early workshops The trades chosen were 
those of the brass-turner, the action filer (gunmaker), 
the nailer, the jeweller and the cooper The work- 
shops of a silversmith and brass-founder were 
already m existence Details of the display are given 
in the paper quoted 


Phycology in Britain 


Tue recent issue of the British Phycological Bulletin 
(No 7, July 1959) contams the presidential address, 
“Buoyancy m Relation to the Ecology of the Fresh- 
water Phytoplankton", presented to the Society by 
Dr J W G Lund, together with abstracts of the 
other papers read at the London meeting im January 
1959 There are also the first part of a lst of the 
chromosome numbers ın the Chlorophyta, notes on 
the algal herbaria of Hudson and Lightfoot, a lst 
of marine algae collected in the course of field excur- 
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sions organized durmg the Thnd International Sea- 
weed Symposium held m Galway m July 1958, 
reviews of recent phycological literature and a number 
of shorter articles 


Prize for Man-powered Aircraft Flight 

Tue Royal Aeronautical Society announces that a 
prize of £5,000 has been offered by Mr Henry Kremer 
for the first successful flight of a man-powered an- 
craft, designed, bult and flown within the British 
Commonwealth under conditions to be laid down by 
the Royal Aeronauucal Society The Royal Aero 
Club 18 to be invited to act as official observers The 
prize is offered personally by Mr Kremer and not by 
any of the companies with which he is associated 
Mr Kremer has been on the production side of 
industry all his life, and before the War pioneered 
the resin-bonded composition board industry After 
the War he began to take an interest ın plastics, and 
m 1950 he formed Microcell, Ltd, which has been 
extended to include an aireraft engmeermg division 
and an electromes division, as well as the plastics 
division Since 1950 two other companies have 
expanded under his chairmanship, namely, Glass 
Yarns and Deeside Fabrics, Ltd, produomg glass 
fibre, and Artrite Resms, Ltd Microcell, Ltd , has 
since merged with BTR Industries 


Postdoctoral Awards US National Science Foun- 


dation 


POSTDOCTORAL fellowships are offered by the US 
National Science Foundation to citizens of the United 
States with special aptitude for advanced trammg 
and who hold the doctoral degree or have the equiva- 
lent in trammg or experience Fellowships will 
be awarded in the mathematical, physical, medical, 
biological, engineemg and other science fields, 
including anthropology, psychology (other than 
clinical), geography, certam smterdisciplmary fields 
and selected social science fields A grant of 4,500 
dollars a year will be awarded to successful apphcants 
under the postdoctoral fellowship programme De- 
pendency allowances will be made to married Fellows 
Fellows may engage in study and/or research at 
appropriate non-profit American or non-profit foreign 
mstitutions <A limited allowance to aid m defrayimg 
a Fellow’s cost of travel will also be available Further 
information can be obtamed from the Fellowship 
Office, National Academy of Sciences-—National 
Research Council, 2101 Constitution Avenue, N W 
Washington 25, DC All appheations must be 
made by December 22 


“Animal Clocks” 


REFERRING to the report of his paper at the York 
meetmg of the British Association m the symposium 
on “Animal Clocks", published 1n Nature of Septem- 
ber 12, p 763, Dr Malcolm B Wilkins states that the 
last two sentences should read as follows ‘The 
period of the rhythm is shghtly sensrtive to tem- 
perature Ball and Dyke have shown that the 
growth-rate rhythm m Avena coleoptiles 1s inhibited 
in nitrogen, and Bunning has shown that the period 
of the rhythm of leaf movement of Phaseolus muli- 
Jflorus 1s increased by the mitotic poisons colchieme 
and phenylurethane ” 


University News * Leeds 


THE followmg grants are announced £4,310 for 
the period of one year from the National Coal Board, 
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Scientific Department, for six research projects in 
mining, £3,860 from the Central Electricity Gener- 
atmg Board for research on the utilization of pul- 
verized fuel ash in the Department of Agriculture 

D A F Thomas has been appointed lecturer m 
the Department of Orgamc Chemistry 


London 


(Tux following appomtments are announced Mr 
P R Bell, of University College, to the University 
readership ın botany tenable at that College, Mr 
A V Bradshaw, of the Imperial College of Science 
and Technology, to the University readership im 
extraction metallurgy tenable at that College 

The title of professor of electrical engineering m 
the University of London has been conferred on 
Dr A H M Arnold, ın respect of his post at King’s 
College 


Oxford 


RESEARCH grants are announced as follow from 
the Department of Scientific and Industrial Research 
a grant not exceeding £35,900 for the period July 1, 
1959, to July 31, 1962, for research on high-energy 
phenomena using photographic plates, being carried 
out under the duection of D H Wilkmson, professor 
of experimental physics , from the Umted Kingdom 
Atomic Energy Authonty a grant not exceeding 
£8,500 for the period October 1, 1959, to September 
30, 1962, for a study of polarized nuclear systems 
using resonance techniques, to be carried out m the 
Clarendon Laboratory under the direction of Dr 
F N E Robmson, and from the Ministry of 
Aviation a grant not exceeding £1,395 for the year 
begmning Octobe: 1, 1959, for research on the mech- 
anism of operation of the cryotron, being carried out 
in the Clarendon Laboratory under the direction of 
Di K A G Mendelssohn, 1eader in physics 


Sheffield 


IT is announced that the Strength of Materials 
Laboratory in the Department of Mechanical Engin- 
eermg is to be named the F C Lea Laboratory, in 
honour of the late Prof F C Lea, who was professor 
of mechanical engineering durmg 1923-36 and whose 
iesearches carried out im Sheffield made important 
contiibutions to knowledge m this field 


Announcements 


Mr Bryan Harris, a graduate m metallurgy from 
the University of Birmingham, has been appomted 
to a Tube Investments Research Fellowship fo. work 
in the physics and chemistry of solids, at the Caven- 
dish Laboratory, Cambridge 


Mr G Q GounrT is to give the Christmas 
Hohday Lecture of the Institution of Electrical 
Engmeers on December 30, at 3pm, and repeat 16 
at the same time on the following afternoon He 
will speak on ‘Colour Television" Tickets, which are 
fiee, must be obtamed from the Secretary, Institution 
of Electrical Engineers, Savoy Place, London, WCc2 


Tre Science Museum, South Kensington, London, 
S W 7, has arranged the followmg Christmas lectures 
for boys and girls December 22 and 23, “From 
Man Power to Atomic Power", by Mr Victor Wall, 
December 28 and 29, *Erom 'Tmfoi to Tape the 
History of the Gramophone”, by Mr John Cam, 
December 30 and 31, “The Story of Fhght”, by Mr 
Victor Wall, January 1, “Science and Magic”, by 
Mr John Cam 
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Tx Zoological Society of London has arranged the 
following Christmas Lectures for children Decem- 
ber 29, “Lookmg for Animals m Hast Africa’’ by 
Mr E H Tong, December 31, “British Carnivores" 
by Mr R F S Creed, January 4, “Animals in 
fhdmg" by Mr D G Lambert The lecture hour 1s 
3pm and admussion 1s free by ticket obtamable on 
appheation to the Education Department, Zoological 
Society, Regent’s Park, London, NW1, only 
three tickets can be supphed to a Fellow for each 
lecture 


Tae seventh Su Thomas Middleton Memorial 
Lecture will be given ın the Auditorium, Wellcome 
Buildmg, 183 Euston Road, London, NW 1, on 
December 8 by Dr E B Worthington (deputy 
direetor-general (scientific), Nature Conservancy), 
entitled "Nature and Agriculture” Further mforma- 
tion can be obtained from Miss D F Bray, Sir 
Thomas Middleton Memorial Trust, 3 Dean’s Yard, 
London, SW 1 


A TWO-DAY symposium has been arranged by the 
Linnean Society durmg December 17-18, entitled 
“Quaternary Ecology” The meetmg will be held 
at Burlington House, Piccadilly, W 1 Further m- 
formation can be obtamed from the General Secre- 
tary, Lmnean Society of London, Burlington House, 
London, W 1 


Tue British Society of Rheology wil hold a 
meetmg m Manchester during April 7-8, and will 
include sessions on lubrication, disperse systems, and 
the methods and concepts of rheology , and a choice 
of visits to British Rayon Research Association, the 
Shirley Institute, Jodrell Bank and the Fhud Motion 
Laboratory of the University of Manchester Full 
details can be obtained from the Hon Secretary of 
the Society, 8 The Broadway, Pontypool, Mon 


THE Electronics and Communications Section of 
the Institution of Electrical Engineers, m association 
with the International Federation for Medical Elec- 
tromies, 18 organizmg the third International Con- 
ference on Medical Electronics which will be held at 
Olympia, London, durmg July 21-27, 1960 — Further 
information, can be obtamed from the Secretary, 
Institution of Electrical Engmeers, Savoy Place, 
London, W C2 


Sunvic CowTrRoLs, LTD, 1s to combine with the 
Instrument and Meter, Scientific Apparatus and 
X-Ray Departments of Metropolitan-Vickers Elec- 
trical Co , Ltd , to form the Instrumentation Division 
of Associated Electrical Industries, Ltd 


Ir ıs announced by Birlee, Ltd , that the name of 
the company 1s to be changed to A EI —Birlee, Ltd 
The change comeides with the final reorganization of 
the structure of the parent company, Associated 
Electrical Industries Ltd, into several product 
divisions The internal organization of Birleo, Ltd, 
will not be affected The company will continue to 
operate as ın the past for the manufacture of heat- 
treatment furnaces, gas plants and adsorption dryers 
The name of its associate company, Birlec-Efco 
‘Melting), Ltd , will not be changed 


Errata In the communication entitled “Nature 
of the Olefines produced by Apples" in Nature of 
September 26, p 996 par 2, line 15, for "l-hexane" 
read “‘l-hexene’, par 3, hne 4, for “necessary” 
read “unnecessary” 
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BRITISH IRON AND STEEL RESEARCH ASSOCIATION 


LONDON GROUP LABORATORIES OPEN DAYS 


HE British Iron and Steel Research Association 
recently held open days at 16s Battersea, premises 

to show rts members something of the current and 
continuing work of the London Group laboratories 
Of the five Divisions and three Departments of the 
Association, the London Group comprises the Plant 
Engmeermg and Energy Division, part of the Iron- 
makmg Division, and the Physics, Chemistry and 
Operational Research Departments 

Notwithstanding the wide spread of interests 
represented, the displays clearly reflected the mterest 
of the steel industry m automation and allied sub- 
jects Not only has the Physics Department recently 
formed a new Section to deal specifically with the 
subject of automation, but also the Electrical Engin- 
eermg Section of the Plant Engmeerimg Division has 
pioneered several developments which, in effect, 
apply ‘automation’ m the handlmg of information 

Some years ago this Section developed a ‘per- 
formance recorder winch recorded and stored 
production data, and processed ıt so that periodical 
tabulated totals would be available m printed form 
for office use Equipment of this kind has since been 
installed m several British steel-works and other 
factories, and a development of the basic idea was 
designed and supphed for a big Russian contract for 
the erection and equipment of a giant tyre factory 
m the Soviet Union by 2 British consortium 

The Electrical Section of the Association has now 
completed a further development—the "Talhmarker' 
system for conveymg essential information in a steel- 
works Startmg from the premise that efficient pro- 
duction depends on accurate, easily accessible m- 
formation, this automatic system represents a great 
advance on the traditional pattern of emculating data 
by paper chits or word of mouth It consists basically 
of three essential units ‘push-button’ desks, and 
display screens at key pomts along the production 
lme, and a central ‘memory’ As applied m a steel- 
works rolling mull, for example, the operators at the 
soaking pit, primary mull, primary shears, section 
mull and saw-bench, would all have press-button 
stations into which information ıs fed, and all stations 
after the soakmg pit would have a display screen 
showmg the previous history of the product as it 1s 
progressively reduced from the original mgot As 
the ingot or subsequent bloom passes down the line, 
the operator at each point reads off the facts on Ius 
display screen, and feeds m more mformation as he 
completes his operation, for the followmg stations 
When a section is bemg cut at the final saw, the 
‘Tallimarker’ storo holds the complete history of the 
section Details are relayed to the mull office and 
recorded m the most convenient form, for example, 
on a teleprinter record, punched card or magnetic 
tape The basic system can, of course, be adapted 
for use mm any production lme, m construction ib 1s 
reliable, robust and accurate, reduces clerical work, 
and saves time and money " 

The new Automation Section of the Physics 
Department ıs studymg several possible applications 


of automation to steel-works production methods. 
Among these 1s a scheme for the automatic mspection 
and treatment of rolled billets, which often have 
surface defects which must be made good The new 
plan 1s to dip the billet in a fluid which fluoresces 
under ultra-violet hght, and which penetrates the 
flaws The billet wil then be washed and passed 
to an inspection chamber, where the flaws show up 
under ultra-violet lamps and can be detected by 
photocells The photocells can be linked electrically 
with fimshing tools such as grmders or de-seammg 
torches for automatic treatment Bullets without 
flaws would be diverted and stored, later rejomung 
the hne m their origmal order 

The mcreasmg use by manufacturers of steel sheet 
and strip has led to a glowing pre-occupation with 
methods of quahty control Automatic gauge control 
was developed by the Association some years ago, 
and has been widely adopted in industry On show 
at Battersea was a proposed new method of measurmg 
small reductions m strip thickness, which can be 
integrated with automatic correcting equipment 
The system is based on the fact that the reduced 
strip leaves the rollers faster than ıt enters them— 
the greater the reduction, the greater the change m 
speed Therefore, by measuimg the change m speed, 
the reduction can be calculated It 1s proposed to 
do this by compaimg identical signals obtamed by 
photo-electric measurement of reflectivity at two 
points ‘down the lne’ The time-lag between the 
signals gives the time the sheet or stmp takes to travel 
the distance between the pomts of measurement 
One of these struments before and one after rolling 
will give the change m speed, and therefore the re- 
duction m thickness This ‘non-contact’ method 
avoids any complications which would arise from 
the use of contact rollers or similar devices 

Because automatic control demands as an essential 
prerequisite exact information, mstrumentation may 
be said to be the first step towards automation An 
interesting new instrument is the ‘bar section meter’ 
displayed by the Physics Department It has been 
designed fo measure simultaneously four diameters 
of a hot solid bar at 45° mtervals while 1$ 15 moving at 
a high speed This information 1s valuable not only 
for checkmg that the section 1s bemg rolled to the 
specified size, but also for early detection of such 
defects as finning 

The water-cooled viewmg head forms images from 
the opposite edges of the bar across each diameter 
to be measured These images are placed side by 
side ın à single field of view, and are magnified and 
transposed so that the edges pomt towards each 
other The instrument thus shows four parallel bands 
of light representing the four diameters measured 
Each nommal diameter of the bar 1s set on the mstru- 
ment by a micrometer adjustment , 1f this corresponds 
to the diameter bemg viewed, then the appropriate 
band is continuous across the field of view (that is, 
the fact that the edge 1mages have been brought to 
comerdence m any band indicates that the diameter 
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is as set) If there 1s a gap in the middle of the band, 
the diameter of the bar is less than the scale roading, 
while a bright central zone caused by the images 
oveilappmg indicates that the diameter ıs greater 
First experuments show that deviations m diameter 
of about 0 005 ın ean be detected 

Leaving the theme of automation, an mteresting 
sidelight on the technique of research was provided 
by the Ironmakmg Division Although the blast 
furnace 1s a remarkably efficient vessel for the large- 
scale exercise in physical chemistry which on- 
making represents, there ıs still much to be learned 
about the course of the reduction process There 
are severe limits on what can be deduced fiom 
experimental work on a blast furnace, and the 
Division therefore developed laboratory apparatus 
to simulate the reactions taking place in the blast 
furnace The See apparatus (stationary charge 
in controlled environment) metaphorically turns the 
blast furnace ‘inside-out’ In the blast furnace the 
charge moves down the stack, encountermg changing 
conditions and undergomg various reactions, m 
Scwe the charge ıs held stationary while gas of vary- 
ing compositions and temperatures corresponding to 
these changing conditions 1s passed through t and 
reacts with ıt By controlling the conditions con- 
tinuously, the ronmakmg process can be reproduced 
and tts reactions studied with relative ease 

The practicability of this approach was origmally 
pioved in the laboratory by experiments usmg a 
charge contame: of three ches diameter A much 
larger and more elaborate version has now been 
instaled at the Battersea Laboratories It meor- 
porates & gas producer, gas absorbers, gas booster, 
electric heater foi the gas, a reaction chamber 
20 m in diameter by 24 in high, dust cyclone, 
and a gas cooler Instrumentation has been provided 
for flow-rates, temperatures, pressures and gas com- 
positions, with provision for easy control of the 
variables This scaled-up version of the origmal 
bench conception provides a unique tool with which 
to solve some of the remaming unknowns about blast 
furnace operation 

Also housed at Battersea is the Association’s 
Operational Research Department, which now consists 
of three Sections Compute: Applications, Opera- 
tional Investigations and Human Factors 

The first of these ıs pimmarily concerned with 
helpmg the steel industry to make use of the electi onic 
computer This mvolves the use of the computer not 
only as a research tool but also as an admunistrative 
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and/or production aid Using the Ferranti Pegasus 
computer installed at Battersea. m 1958, the Section 
has camied out extensive studies of the feasibility 
and economics of using computers for such familar 
problems as production scheduling, stock control, 
wage calculation, plant and process control, and allo- 
cation of materials, and already much valuable data 
have been collected 

The Operational Investigations Section 1s operating 
a service—at present confined to the Association’s 
member firms—whereby the Department's ex- 
perience and facilities can be used to supplement 
managerial experience with forecasts of the effects of 
alternative policies A typical problem, mvolvmg a 
decision on stock control methods, was illustrated 
by displays The example taken was a company 
keeping large stocks of billets to ensure agam&t pro- 
duction hold-ups This mvolved problems of locked- 
up capital and periodic mses m storage and transport 
costs 

The first step was to analyse existing order and 
stock control methods From this, and from quantita- 
tive recoids, the main characteristics of production 
and 1aw material delivery over a long period were 
mapped out, and the effects of different control 
methods sımulated on paper and carefully studied 

Eventually, a set of ‘ordermg rules’ was drawn 
up which ın practice proved so successful as to release 
£100,000 of working capital by reducing the average 
stock-level, and a further savmg of some £6,000 
annually by reduced labour and transport costs 

The Human Factors Section of the Department 1s 
concerned with such things as accident prevention, 
protection agaimst heat and mjury, and the broad 
subject of ergonomics, oi ‘fittmg the machine to the 
man’ In this latter field, displays showed many 
advances in control equipment design, armed at 
reducmg operator fatigue, elummatimg stiam and 
increasing efficiency An expermmental control point 
was on. display meorporating variable hand (and foot) 
controls, which has proved the genesis of a series of 
mnprovements already bemg adopted m production 
practice 

It 1s, of course, umpossible to give other than an 
arbitrary selection of the features of the display 
which, 1n any event, was representative of a part only 
(about one-third) of the whole programme of the 
British Iron and Steel Research Association This 
account, however, provides an indieation of some 
types of problem being tackled and of the methods 
of approach D U Hont 


COMPUTER LABORATORY AT THE UNIVERSITY OF 
LIVERPOOL 


HE University of Liverpool has had a Mathe- 
matıcal Laboratory for more than twenty-five 
years—it was estabhshed by Prof L Rosenhead m 
1934 shortly after he became head of the Department 
of Apphed Mathematics The primary object of 
the Laboratory was always to tram students in tbe 
honours school of mathematics and research students 
m other schools in the basic methods of numerical 
analysis apphed to all branches of science 
The Laboratory has always been well equipped 
with accounting machines as well as desk calculating 
machmes An important feature of the teachmg m 


the Laboratory has been the insistence on the fullest 
possible exploitation of all types of calculating aids, 
and much effort has been spent on not only m- 
vestigating the possible uses of machmes but also 
on developing methods surtable for them 

The spectacular post-war growth m the demands 
for numerical analysis has led to very greatly m- 
creased demands bering made on the Laboratory, 
the problems recerved for solution have been growing 
more numerous, more complex and greater in scope 
At fist, the need was met m part by making use of 
punched card accounting machmery, and later by 
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using the facilities of electronic computing establish- 
ments elsewhere—particularly at the University of 
Manchester, the generosity of which in this respect 
has been greatly appreciated by several other northern 
universities as well as Liverpool More than four 
years ago, however, ıt was already clear that the 
University of Liverpool should be equipped with its 
own computer, and detailed plans were made for 
the expansion of the Laboratory It was therefore 
with very keen disappomtment that the Umversity 
learned two years ago that money could not be pro- 
vided at that time by the University Grants Com- 
mittee for the provision of a computer 

A survey made in the University had established 
the fact that the lack of an adequate computing 
service was causing research in some departments 
to be retarded seriously—particularly m the fields 
of nuclear physics and oceanography In view of 
this situation, the University Council decided that 
a computer must somehow be provided and an appeal 
was launched among local business concerns and 
friends of the University for donations towards the 
cost of purchasing a machine The response was 
generous—particularly as the appeal was made within 
a year of the major appeal to finance the general 
buildmg development of the University—and as a 
result the University was able to place an order with 
the Enghsh Electric Co, Lid, for a Deuce, the 
remaming balance of the cost bemg advanced by the 
University itself At the same time the staff of the 
Laboratory was increased and its name changed to 
the Computer Laboratory, Mi Andrew Young bemg 
appointed as its first director 

The machine was installed and came mto operation 
last July Itis a 64-column Deuce, which 18 at present 
equipped with punched card mput and output mech- 
anisms A comprehensive range of punched card 
ancillary equipment—caid punehes, sorter, repro- 
ducer and tabulator—has also been installed, a card- 
operated typewriter ıs due for early delivery In 
addition, paper tape mput and output devices and 
the necessary tape editing ancillary equipment have 
been ordered, but have not yet been delivered 
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The Computer Laboratory was officially maugui- 
ated at an open day held on October 28, when the 
University entertamed donors to the appeal fund and 
members of Council and Senate The guests were 
welcomed by the Vice-Chancellor, Sir James Mount- 
ford, and were shown over the Laboratory by the 
staff, the Director gave an account of the work 
being done in the Laboratory 

It is already clear that the computer ıs meeting a 
very real need Extensive use of the machine is 
bemg made, as expected, by the Departments of 
Apphed Mathematics, Physics—mainly analysing 
results of experiments made on the University's large 
synchrocyclotron—and Oceanography as well as 
several departments m the Faculty of Engimeermg, 
meluding the new Department of Building Serence 

What has surprised—and gratified—the Univer- 
sity, however, ıs the unexpectedly large use of the 
machine by departments which had not hitherto been 
expected to use ıt extensively, if at all Some of the 
most frequent users are members of &8 group of 
physiologists working on a problem of hver function 
Members of the Department of Psychology and of 
the Medical Research Council are now analysmg the 
results of gerontological studies with the computer, 
which, because of 1s ability to cope with the heavy 
arithmetic involved m factor analysis, has enabled 
them to extend ther work In addition, educational, 
economic and social scientrfic surveys have been 
helped by the new computing facilrties available 

Traming ın programmmg and usmg the computer 
and its ancillary equipment is given 1egularly to 
members of the staff of the University, research 
students, and to outside users, a number of whom 
are making use of the machine on a basis of time-hire 

It is now a commonplace occurrence that the 
installation of a computer leads to an expansion in 
the scope of the work undertaken m an institution, 
and rt 1s already abundantly clear that in this respect 
the installation in Liverpool will prove to be no 
exception The University 1s proud of its new 
project, and 1s confident that the decision to embark 
on it will be fully justified 
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BRITISH ELECTRICAL AND ALLIED INDUSTRIES RESEARCH 
ASSOCIATION 


NEW format has been adopted for the 1958 
annual report of the Electrical Research 
Association (Thirty-eighth Annual Report for the 
year ended 31st December 1958 Pp 103 Leather- 
head Electrical Research Association, 1959) The 
report, which is attractively reproduced, departs 
from previous practice in having some fifteen illus- 
trations, mostly photographs relating to research 
projects One diagrammatic illustration of special 
interest shows the proportions of the income of the 
Association coming from various sources and the 
distribution of expenditure among the main fields 
of research, in admuimstration and in services to 
members 
The total mcome of the Association for the year 
was just over £458,000, subscriptions from members 
totalling some £213,000, ineome from directly 
sponsored researches earning nearly £113,000, and 
the grant from the Department of Scientific and 


Industrial Research contributing £100,000 From 
the chart showing the distribution of expenditure 1 
appears that some 9 per cent 1s used 1n admmustration 
A slightly greater amount represents services to 
members which, m addition to general technical 
hason, cover the answering of requests for advice 
and information and the provision of abstracts 
Research expenditure appears under seven headings, 
divided as percentages of the total expenditure, 
roughly, as follows 


Properties of materials 19 

System problems 14 Transmission 

Control and tiansformation 10 Speciahzed plant 10 
Miscellaneous researches 9 


Appheations of electricity 12 


On the basis of expenditure, properties of materials 
thus represents, by a substantial margm, the biggest 
research effort of the Association, and it is evident 
from the report that this effort, which 1s devoted 
largely to msulation, has contributed both to funda- 
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mental knowledge and to technological progress 
Much of the Association's technological work m this 
field has contributed to the drafting of British Stand- 
ard specifications and similarly, at the mternational 
level, to the recommendations of such bodies as the 
International Electrotechnical Commission During 
the past year the Electrical Research Association’s 
recommendations relating to electrode systems for 
electric strength tests and for methods of measure- 
ment of permittivity and loss angle have been 
so adopted 

Work conducted at the National Physical Labora- 
tory on the effects of electron and neutron irradiation 
of polythene 1s reported It has been shown that the 
loss tangent of the material ıs httle affected by 
irradiation dosages up to 10 Mrads, but thereafter 
increases due to oxidation 

Among the mvestigations of a fundamental char- 
acter concerning the phenomena of mstability m 
dielectrics, one may be mentioned dealmg with the 
formation of gas in impregnated insulation This has 
established the relation between moisture content 
and the stress required to mitate gas production 
It has been possible to observe the slow growth 
of breakdown channels m a very viscous liquid and 
this forms the subject of one of the illustrations m 
the report 

A rehable technique has been developed for 
measuring the electric strength of liquefied gases, it 
having been established that the state of the electrode 
surfaces and particularly the degree of oxidation have 
a marked influence on the result The parts played 
by anode and cathode have been separated by usmg 
electrodes m which the cathode and anode surface 
were different 

The mfluence of impurities on the magnetic 
properties of silcon—1ron transformer sheet has been 
under mvestigation at the laboratories of the British 
Iron and Steel Research Association It has been 
shown, that, with respect to hysteresis loss, nitrogen 
is much more harmful than carbon, and two 
methods of mimumuzing the ul-effects of nitrogen 
are bemg exammed One method mvolves applymg 
a thin coating of alummium to lamunations before 
annealmg while the other utilizes a small admixture 
of titanium 

Theoretical work on deviations from Ohm's law 
in semiconductors has predicted that m sufficiently 
strong fields mobility should decrease with the 0 8th 
power of the field strength This prediction has 
been confirmed by measurements made at Purdue 
University 
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FLOW PROPERTIES OF 


MEETING, under the joint auspices of tho 
Faraday Society (Colloid and Biophysics Com- 
muttee) and the British Society of Rheology, was held 
during September 23 and 24 m the School of Physiol- 
ogy of the University of Oxford On the first day, the 
flow properties of various biological systems were 
discussed, while the second day was devoted entirely 
to blood and blood vessels The attendance of more 
than seventy mcluded a number of overseas guests 
The Conference was opened by Prof P R Alhson. 
Nuffield professor of surgery, who welcomed the 
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Crreuit breakmg and associated fundamental 
studies in are physics continue to constitute an 
mportant part of the research programme The 
temperature withm the conductmg core of the ac 
and, m particular, the formation of successive discrete 
cores as the current mereases, have been studied 
imn terms of dissociation and ionization, and it has 
been shown that the pimeh pressures occurring at 
the electrodes outweigh the effects of natural con- 
vection and may provide an explanation of the 
phenomena of metal transfer m welding arcs 

Work on the creep properties of steel continues 
and is bemg extended The first test-results have 
been obtaimed on the bursting of thick-walled pipes 
under creep conditions A new laboratory to meet 
the needs of the augmented programme of work on. 
creep testing is to be built at Leatherhead 

A result of considerable mdustrial significance has 
been obtamed ın the couse of the programme of 
work on flame proofness and intrmsic safety A re- 
evaluation of the maximum safe-gap for hydrogen 
made with improved research technique has shown 
the safe gap to be appreciably greater than was 
previously accepted The value has been established 
as ll mils This opens up the possibility of designing 
flame-proof apparatus for use in hydrogen and some 
of the other most explosive gases 

The rural electrification work of the Association, 
which ıs concerned very largely with the application 
of electricity to agriculture and to horticulture, has, 
in the past, embodied a considerable programme of 
research on plant environment ‘This continues but 
ib:s now supplemented by a parallel programme on 
animal environment 

In a foreword to the report the president, Sir 
Josiah Eccles, pomts out that we are entermg an e1& 
in which the scale and complexity of equipment and 
of automatic control systems w1ll be such as to 1ende1 
capital charges a dommant factor in mdustrial costs 

There will thus be an mcreasimg premium on 
ingenuity and skill m producing more effective and 
cheaper equipment which, m effect, means an m- 
creasing emphasis on research Bearmg m mind that 
the vast majority of manufacturmg firms m Great 
Britain employ less than 500 people and that many 
problems can be better tackled co-operatively than 
m specialized laboratories, 1t 18 evident that research 
associations have an important part to play m the 
effort to develop to the full the nation’s scientzfic 
potential In furthermg this development the 
greatest responsibility falls, almost certainly, to the 
electrical industry J GREIG 


BIOLOGICAL SYSTEMS 


meeting to Oxford and spoke of the increasing 
importance of rheology in medicme and surgery A 
general mtroductory lecture, under the chamman- 
ship of Prof M Remer (Haifa, Israel), was given 
by Dr A S Lodge Many of his audience were 
not rheologists and, for their benefit, Dr Lodge out- 
lined the scope and methodology of this branch of 
physics 

Several papers were read which concerned uterme 
cervical mucus and the connective tissue of the cervix 
Dr F K Beller (Tubmgen, W Germany) described 
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the rheological changes which take place m human 
mucus durmg the menstrual cycle and followmg 
certam hormone treatments, and Dr E A Gibbons 
and Mr F A Glover (National Institute for Research 
in Derymg, Shinfield) discussed measurements of 
flow birefringence and the information which these 
might give concerning the size and shape of mucoid 
molecules Drs M L R and D R Harkness (Univer- 
sity College, London) were concerned with the very 
marked changes which must take place m the lower 
end of the uterus and m the cervix to allow of the 
passage of the foetus at parturition The concentration 
of collagen drops from 10 per cent (wet basis) in the 
non-pregnant animal to about a third of this amount 
during pregnancy 

Drs J C White and P Elmes (London Postgrad- 
uate Medical School) deseribed viscosity, mirmsic vis- 
costy and thixotropy measurements on dilute 
bronchial mucoid sputum A special apparatus was 
designed to measure the yield-values of undiluted 
samples, which may be related to the force required 
to initiate movement of the mucus m the smaller 
respiratory passages Dr H J Rogers discussed 
hyaluronidase and hyaluronic acid 

Living skeletal muscle has remarkable rheological 
properties, contracting rapidly and completely from 
extensions of up to 130 per cent, but thus extreme 
elasticity 1s quickly lost post mortem J R Bendall 
(Low Temperature Research Station, Cambridge) 
spoke of the form of the deformation-time curves 
and the biochemical processes underlying the changes 
which take place m them Also concerned with 
muscle, Dr J J Connell (Torry Research Station, 
Aberdeen) described measurements of toughness and 
firmness of fish and of fish pastes and jellies as related 
to subjective assessments 

Prof L V Heilbrunn (Philadelphia) discussed 
methods for measurmg the rheological properties 
of protoplasm, and stressed the differences between. 
these and the behaviour of purified protems Prof 
J A V Butler and Dr A B Robins (Cheste Beatty 
Research Institute, London) desertbed simple visco- 
metric measurements (using concentric cylinders) 
for the study of nucleic acid solutions , and the sig- 
nificance of intrinsic. viscosities and of viscous anom- 
ahes such as dependence of viscosity on shear rate 

Dr G W Scott Blar (National Institute for Re- 
search m Dairymg, Shinfield) read two papers, the 
first of which dealt with the rather complex proper- 
ties of milk coagulated by rennet which, at best, 
requires four parameters for 15s specification ("Burgers 
body’) On the second day, he deseribed similar 
expermments on coagulated blood, which, surprisingly 
enough, except im the earhest stages, requires only 
two parameters (‘Maxwell body’) 

The symposium on blood was mtroduced by Dr 
L W Bayhss (University College, London) under 
the chairmanship of Prof I de Burgh Daly Dr 
Bayliss outlmed studies which have been made on 
viscous anomalies m blood flowing through artificial 
capillaries, emphasizing the rmportance of the rela- 
tively easier flow which is found m the narrower 
tubes and which reflects axial movement of cor- 
puscles Dr R L Whitmore (Nottmgham) gave a 
theoretical treatment of these differential flow 
velocities of plasma and corpuscles m the living body 
By means of radioactive tracers, changes in coneen- 
tration due to radial movements can be followed He 
discussed turbulent conditions, which also formed the 
theme of a paper by Dr W E Stehbens (Sydney, 
Austraha and Oxford), who pomted out that, espec- 
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ially m the neighbourhood of bifurcations, tui bulence 
takes place at quite low Reynolds’ numbers Nor must 
the pulsatile nature of the flow be forgotten Stream- 
lme conditions are not as general n the body as used 
to be supposed Dr D A McDonald also discussed 
the hydrodynamics of pulsatile flow, basmg his 
treatment on the theoretical work of the late Dr 
J R Womersley and of Dr M G Taylor 

Prof A L Copley (New York and London) 
discussed the nature of the flow-curve of blood in 
glass capillaries which has recently been shown to 
follow Casson’s equation (see G W Scott Bla, 
Nature, 183, 613, 1959) When the surface of the 
capillary 1s coated with fibrin, the apparent viscosity 
falls and the differential flow velocities appear to be 
accentuated Moving ‘indexes’ of blood m slopmg 
capillaries also adhere less to fibrm than to glass 
surfaces In the hvmg blood vessel, an endo-endo- 
thelial fibrm film may constitute a major factor in 
helping circulation He also presented work on native 
blood and plasma and the effects of anticoagulants 

Prof 8 Baez (New York) described pressure 
effects m living microscopic vessels and pomted out the 
mnportant part which the tone of the vasculature 
plays, not only m hemodynamics but also m those 
studies now often referred to as ‘hemorheology’ Dr 
H Hartert (Heidelberg, Western Germany) discussed 
the rheology of his well-known technique for following 
the process of blocd coagulation by measurmg the 
progressive increase in shear modulus ('thrombo- 
elastography’) and also described his more recent 
mvention, the ‘retractograph’, which follows the process 
of retraction, claimed to start immediately at the 
clottmg pomt and to increase m parallel with merease 
in the shear modulus Dr H H Pfeiffer (Bremen, 
Western Germany) described his measurements of 
rheodichroism, a phenomenon which throws much 
light on the molecular nature and characteristics of the 
so-called ‘leptones’ which are responsible for differen- 
tial hght absorption in flow Prof A Katchalsky 
(Rehovoth, Israel) and his colleagues discussed recent 
expermments on osmotic effects in mdividual erythro- 
cytes These behave rather hke football bladders, 
1n that they are very readily deformed up to a certam. 
degree of swellmg, after which they offer enough 
resistance foi the pressure quickly to exceed their 
apparent strength, a fact which may help to account 
for the comparative ease with which red cells appear 
to pass along very narrow vessels 

In the afternoon of the second day of the meeting, 
there was an exhibition of apparatus Many of the 
instruments associated with the papers which had 
been read were on view The demonstrations were 
mtroduced by a lecture by Prof K Weissenberg in 
which he showed many strange rheological phenomena 
which, 1n less dramatic form, are likely to make their 
appearance m biological systems His own 'rheogonio- 
meter' was among the exhibits 

In the evening, films were shown which developed 
fuither the themes already described by Dr D L 
McDonald and his colleagues, by Prof S Baez and by 
Prof A L Copley, Dr G W Scott Blar and ther 
colleagues Finally, Prof M H Knisely (Charleston) 
showed a film to illustrate his work on ‘sludged blood’ 

Much of the success of the meeting was due to the 
excellent local organization, m the hands of Dr R G 
Macfarlane, who also acted as honorary treasurer 
The proceedings of the Conference will be published 
m book form early m the New Year under the joint 
editorship of Prof A L Copley and Dr G Stamsby 

G W Scorr Bram 
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BRITISH COLONIAL TERRITORIES 


A HE Colonial Territories, 1958—59"'* provides the 
usual convenient compendium of mformation 
to such further publications as "Colonial Research” 
dealmg with the British Commonwealth and itself m- 
eludes a 24-page chapter dealing with "Research and 
Surveys”, to which grants totalling £800,824 were 
made from Colonial Development and Welfare Funds 
for a further 134 research schemes The recommenda- 
tions of the meetmg at Lagos in January 1958 for 
the future organization of research m West Africa 
have now been accepted by the Governments of 
Ghana, Gambia, Nigeria and Sierra Leone, and the 
West African Research Office came formally into 
being on April 1, 1959 The Government of Ghana 
has now abandoned rts mtention of takmg over the 
West African Cocoa Research Institute, which will 
accordingly contmue as a fully imter-terrrtonal 
research body The Commission for Technical 
Co-operation m Africa South of the Sahara has 
decided to transfer the headquarters of the jomt 
secretariat from London to Lagos 
Approved technical assistance projects in the 
British-dependent termtories m 1959 under the 
United Nations Expanded Programme of Technical 
Assistance (to which the United Kmgdom Govern- 
ment at present contributes the sterling equivalent 
of 2,240,000 dollars a year) amounted to 1,062,750 
dollars Expenditure from Colonial Development 
and Welfare Funds was £17 8 million and the Vote 
for Colonial Services mcluded £24,223,000 as financial 
aid to Colonial Governments Exports (excluding 
Northern Rhodesia and Nyasaland) fell by £46 
milhon and imports by nearly £80 million, meluding 
about £35 milhon m Hong Kong and Singapore and 
nearly £20 milion in East Africa Capital formation 
m 1958 remarned at about the same value as ın 1957 
Among some other pomts which may be mentioned 
are the rapid expansion of educational facilities, 
although the provision of new school places and 
additional teachers remains the over-ridig problem 


* Colonial Office The Colonial Territories, 1958-1959 Pp xxv-+ 
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in most territories In October 1958, the two univer- 
sities and three university colleges in Central Africa 
had 3,783 students, compared with 3,400 the previous 
year, and there were 1,615 students at the University 
of Malaya, which serves Singapore as well as the 
independent Federation of Malaya Capital sums 
provided under the Colonial Development and Wel- 
faze Act for university mstitutions are now almost 
completely committed, and a mam financial problem 
18 now to provide the required increase m accommoda- 
tion for residence and teachng The Smgapore 
Polytechnic opened m November 1958 with 385 full- 
time, 506 day-release and 2,005 evening students, 
and a second new technical college 1n Jamaica opened 
im March 1958 with 60 students In Jamaica, 11,000 
extra primary places were provided out of the 
16,000 required, and m Uganda the number of 
African pupils m aided secondary schools has risen 
from 5,517 ın 1951 to 17,806 1n. 1958 

Attachments of American teachers to imstitutions 
in British Colonial territories continued under the 
Fulbright Agreement, and the Overseas Visual Aids 
Centre was officially opened m London m February 
Departments of health generally were able to meet 
increasing demands on all services while mamtammg 
a fair balance between curative and preventive work 
Mass campaigns and surveys or pilot projects pre- 
ceding them have been used extensively to combat 
endemic diseases, but although the meidence of 
malaria and yaws has been dramatically reduced in 
this way, tuberculosis remams a serious problem 
Progressive unprovement m water supphes in rural 
and urban areas has considerably assisted the con- 
trol of water-borne diseases The Institute of Health 
m Singapore was completed ın 1958 with assistance 
of a grant of 1,500,000 dollars from Colomal Develop- 
ment and Welfare Funds, and durmg 1958, 144 
medical students and 5 dental students from the 
Colonial territories were placed by the Colomal 
Office in teaching schools ın the United Kingdom 
and the Insh Repubhe Several overseas governments 
are now contributing to the Apphed Nutrition Unit at 
the London School of Hygiene and Tropical Medicme 


GERM-FREE VERTEBRATES: PRESENT STATUS 


N a recent publication by the New York Academy 
of Sciences résumés are given of a series of papers 
delivered at a conference held by the Academy 
durmg May 1958* It ıs divided mto five parts 
the first and second are concerned with mstrumenta- 
tion and with rearmg of germ-free vertebrates , the 
thud 1s concerned with the biological characteristics 
of germ-free animals, the fourth and fifth describe 
ways m which germ-free animals have been success- 
fully used as a tool to solve otherwise mtractable 
problems and discusses future possibilities in this 
direction 
It has taken thirty years of technical development 
to produce germ-free animals of most laboratory 
species and thereby refute the opmuon of Pasteur 


+ Annals of the New York Academy of Sciences Vol 78, Article 1° 
Germfree Vertebrates Present Status By James A Reyniers and 
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that germ-free animals would not survive Although 
the methods adopted are subject to contmuous 
mprovement, smnplifieation and standardization, 
they reman expensive and complex Nevertheless, 
the time has come when germ-free animals are pro- 
duced on a lumited scale for practical research pro- 
jects and, smce the mamtenance of the germ-free 
state over a limited time is much simpler than the 
production of germ-free animals, a plea 1s made for 
wider support for centres to produce and distribute 
them Study of the physiology and nutritional 
requirements of germ-free animals is a necessary 
preliminary to ther use im research In this con- 
nexion, ib is noted that thew lymphoid tissue 1s 
immature compared with that of conventional 
animals Plasma cells are present m small numbers 
and the amount of serum y-globulm is much re- 
duced. 
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Germ-free animals are fiee from antibacterial 
agglutmins 1eadily demonstrable m conventional 
animals, although im some mstances antibodies are 
later developed due to antigen m the autoclaved 
diet Undoubtedly germ-free animals will provide 
a useful tool for immunologists m such questions as 
the source of ‘natural antibodies’ or whether serum 
y-globulin exists apart from that produced m response 
to an antigenic stimulus Indeed, germ-free animals 
raised on diets free from antigenic materials would be 
a boon to ummunologists In one paper, germ-fiee 
animals were indispensable in experiments to refute 
the hypothesis that reversible hemorrhagic shock 
was due to absorption of bacterial endotoxms from 
the bowel 

Interesting experiments are described to show that 
the increased growth-rate of conventional chicks, 
reared on diets contammg penicillin, did not occur 
in germ-free chicks, but did occur after particular 
bacterial species had been experimentally established 
in then mtestines Another paper gives an account 
of experiments which show that infection with 
Entamoeba histolytica produces no lesions in germ- 
free gumea pigs, whereas ıb produces extensive 
ulceration of the mtestmal mucosa m conventional 
guinea pigs The potential value of germ-free animals 
m investigation of dental caries 18, of course, obvious 
In addition, the process of agemg m germ-free 
animals offers possibilities, but very little has been 
achieved so far m this respect on account of com- 
petition for available germ-free animal accommoda- 
tion However, perhaps the most exerting possibilrties 
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of germ-free animals at present relate to investigation 
of latent viruses, cancer and the relationship between 
them No work upon latent viruses with germ-free 
animals ıs reported but a begmming has been made 
with cancer 

Filtrates from moethyleholanthracene-induced 
tumours ın conventional chicks are not mfective, 
but when such tumours are mduced in germ-free 
chicks moculation of cell-fiee suspensions, produced 
by filtration through coarse filters, produces tumours 
and moculation of suspensions produced by filtration 
through fine filters produces a fatal wastmg disease 
Purification procedures and electron mucroscopy 
tend to associate the tumour-produemg activity with 
microsomal or virus-lke particles of 50-150 my 
diameter and the wastmg disease with smaller 
particles (20 mu) In uncompleted experiments with 
germ-free C,H mice, no mammary tumours m the 
females or hepatomas m the males have appeared 
in 100 mice of which the oldest are more than 700 
days. whereas m comparable conventional C,H mice 
90 per cent die of these tumours withm about 300 
days 

it seems that germ-free expermmental animals are 
hkely to prove mdispensable tools to answer certam 
basic questions of capital 1mportance in several fields 
of biological research , yet after these questions have 
been answered the value of germ-free animals may 
perhaps dechne ‘This poses a difficult problem for 
those called upon to decide whether to suppoit the 
production of germ-free animals, an expensive and 
long-term undertakmg A W GLEDHILL 
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WATER POLLUTION RESEARCH, 1958* 


PPLIED scientific iesearch must ensure that 
projects and results are directly relevant and 
unmediately available, so it ıs satisfactory to see 
from the annual report of the work of the Water 
Pollution Research Laboratory that contacts with 
the mdustiies and authorities concerned are increasmg 
and producmg useful conclusions Apart from the 
report itself, mformation ıs exchanged through 
numerous publications m journals, the mvaluable 
Water Pollution Abstracts, a new series entitled 
“Notes on Water Pollution", and several com- 
muttees recently established where the Laboratory 
makes close contact with the River Boards, the 
Institute of Sewage Purification and the Federation 
of British Industries Financial support by the latter 
body has enabled two new investigations of consider- 
able importance to industry to be started, and there 
are many examples ın the report of valuable short- 
term studies undertaken 1n collaboration with specific 
indusiries, often on a repayment basis In particular, 
suggestions made by the Laboratory have enabled 
several firms to reduce the danger of pollution by 
simple changes m manufacturmg processes instead 
of expensive purification plant, and anaerobic diges- 
tion has been shown to be surtable for the treatment 
of slaughterhouse wastes but not for whisky wastes 
In the field of automatic apparatus ıb 1s anticipated 
that the merits of the dissolved oxygen recorder 
developed and apphed by the Laboratory will be 
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recognized by commercial production The use of 
continuous recorders for oxygen and temperature has 
made it clear that isolated samples often do not give 
sufficient mformation for the accurate assessment of 
the condition of a river 

The studies made in the Laboratory of the foammg 
of detergents, and them behaviour m sewage treat- 
ment plant, are of particular mterest As the de- 
tergents normally used are resistant to biological 
treatment m percolating filters or activated sludge 
plant, the effluents may cause objectionable frothmg 
m rivers Recently, a new active material has been 
developed by the mdustry and tests have shown that 
a much greater proportion 1s destroyed durmg sewage 
treatment If this ıs confirmed ın large-scale trials, 
and if 15 could then replace existing detergents, the 
state of many rivers and drmkmg-water supplies 
should be improved directly There might also be 
a general improvement in the quality of many 
effluents, as the efficiency of treatment can be affected 
by the amount of detergent present 

It ıs to be hoped that successes m empirical m- 
vestigations will not distract attention from more 
prolonged and fundamental studies which are hkely 
to be more economical ın the long run For example, 
the detailed results of the analysis of domestic sewage 
are provmg to be very mteresting and it will be 
extremely useful to know exactly the nature of the 
substances which treatment must aim to destroy 
Biologists will be encouraged to see the success of 
modern analytical methods for the detailed separation. 
and identification of the components of such a 
complex material 
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Investigations of the toxicity of various substances 
and the effects of temperature on fish continue In 
these studies, and also m work on biological treat- 
ments of sewage, cyanides and phenols, 16 1s mnterest- 
ing to see the giowing significance of acclimatization, 
of the organism or the community Most of the 
toxicity studies have been based on mortalities durmg 
relatively short periods of exposure, and it would now 
seem necessary to study the effects of much longer 
exposures on the growth, longevity and reproduction 
of fish 

The survey of the Thames estuary, which has been 
an important part of earlier reports, m now nearmg 
completion Some examples of the difficulties that 
arise m predicting the behaviour of this intricate 
system are to be found in thisreport Recent mprove- 
ments in the treatment of some of the sewage dis- 
charged to the estuary have apparently not produced 
the expected umprovement m estuarme conditions for 
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much. of the yea: It seems probable that diedgmg 
may have to be added to the numerous factors which 
must be considered, as :t appears that a concurrent 
reduction imn the removal of orgamic matter in this 
way could have masked the effects of the improve- 
ments 

It may be helpful to direct attention to two errors 
which might lead the reader to erroneous conclusions 
In Fig 4, p 18, the continuous lmes refer to a depth 
of 3 ft and the broken Imes to 15 ft , not vice versa 
as m the key given In a section describing the 
work of the reviewer while at the Laboratory (p 85), 
the last paragraph should start, “The goss rates of 
oxygen production are nearly twice (not ten times) 
published values for various aquatic plants m 
optimum hght but in stagnant vessels Static values 
for the plants used, obtamed by extrapolatmg the 
flow curves, are much lower than the expernnental 
stagnant results” D F WESTLAKE 


UNIVERSITY OF OXFORD SECOND TANGANYIKA EXPEDITION 


ITH the encouragement of the Government of 

Tanganyika, a second party from the University 
of Oxford visited the Mahah Mountains on the eastern 
shore of Lake Tanganyika durmg July to October to 
contmue the work started by last year's expedition 
(seo Nature, 183, 726, March 14, 1959) 

The Mahalis form a small, well-defined, yet little 
known region, not typical of most of Tanganyika, 
where flora and fauna of East and West Africa meet 
Whereas last year’s expedition concentrated on the 
southern half of the peninsula this year the base 
camp was farther north, at Kasoge, a short distance 
from Mount Kungwe (c 8,250 ft ), the highest peak 
in the range 

A collection of plants at all altitudes above lake- 
level was made by R M Harley and J G B New- 
bould, of the Botany School, Oxford The specrmens 
have been sent to the Royal Botanic Gardens at 
Kew for identification and will be used m the pre- 
paration of the Flora of Tropical Hast Africa The 
collection includes a number of live orchids which 
are now in the orchid houses at Kew 

The two zoologists made a general collection of 
birds, snakes and small mammals and also specialized 
m Arachnida and freshwater biology J A Cooke, 
of the Zoology Department, Oxford, made an 
exhaustive study of the spiders im the area and 
collected nearly 4,000 specunens D H Eccles, of 


the Bureau of Animal Population, Oxford, collected 
several hundred fish from the streams dramung into 
Lake Tanganyika, using both poison and electric shock 
methods For two weeks the party was Joined by G H 
Yeoman, of the Tanganyika Vetermary Department, 
who was investigating parasites on small mammals 

W J Wadsworth and R C Herrera, of the 
Department of Geology, Oxford, made a geological 
investigation of the layered igneous intrusion at 
Kapalagulu, about 20 miles north-east of Mount 
Kungwe T E Stevens, of the same Department, 
completed a survey of the Mount Kungwe region 
itself Collections of rock specimens from these two 
areas will be examined in the Department of Geology, 
Oxford, and at the Geological Survey, Dodoma, 
Tanganyika 

R Davis, of the Institute of Experrmental Psycho- 
logy, Oxford, conducted experiments on reaction 
tames and visual perception among local inhabitants 
and tested 350 children ın missions and native 
authority schools as part of a comparative study of 
African and European children A household survey 
of villages ın the northern half of the peninsula was 
also undertaken 

The members of the expedition participated m the 
social activities of the region and various features of 
local life were recorded, both photographically and 
on magnetic tape R Davis 


GEOMAGNETIC ACTIVITY AT HALLEY BAY ON 
DISTURBED DAYS 


By J MacDOWALL 


Meteorological,Office, London 


HIS exammation of the diurnal variation of 
geomagnetic activity at Halley Bay, lat 75° 31’ 
S, long 26° 37° W , was based on Q-indices which 
occurred durmg the five most disturbed days m each 
month A yea: was formed from the twenty months 
observations and then divided into four seasons 
Greatest activity occurred for the seven hours after 
local midnight in each season, but a significant 


seasonal change occurred m the form of the daily 
variation. 

Fig 1 shows that the mean activity of the year was 
of a similar form to the diurnal variation at 
the equinox However, Fig 2 illustrates the marked 
seasonal change in the form of the drurnal curve 
Near local midnight, activity started earliest im 
winter and latest in summer, but activity after mid- 
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Fig 2 Seasonal changes to the daily variation of geomagnetic 
activity 


night was greatest in autumn and least m summer 
At 1115 ax T there was & subsidiary maximum 
of activity in the winter thus effect was just evident 
at 1015 am T m autumn, but durmg summer there 
was no sign of this feature 

For most of the year the second most active period 
occurred m the evening and was separated from the 
main disturbance period by a brief minimum near 
0000 amr Such evening activity was greatest and 
earliest m summer, and the equmox showed an mter- 
mediate type of variation In the later aspect the 
seasonal change m the evening differs from the 
change ın the early morning, where greatest activity 
occurred at the equmox Further difference between 


Table 1 EFFEOT OF TIME ON THE MAIN MOVEMENT OF THE HORI- 
ZONTAL AND VERTIOAL COMPONENTS IN BAY DISTURBANCES, HALLEY 
BaY, JANUARY-JUNE 1958 
Percentage of bay disturbances with certam signs 








GMT H —ve H +ve Other Total number 
period Z +ve Z —ve signa all movements 
15-18 0 100 0 5 
18-21 3 82 15 31 
21-24 43 24 33 51 

0-3 93 1 0 78 

8-6 93 0 56 

6-9 93 0 7 14 
9-12 100 0 0 5 

Day 70 18 12 240 











the early morning and evening periods was revealed 
when the change with time m the sign of 'bay-hke' 

sturbances (of types b, bp, bps, bs) was examined 
in Table 1 

During the most active period from 0000 to 0600 
GMT, field changes of such geomagnetic phenomena 
were almost entnely negative for the horizontal com- 
ponent and positive for the vertical component, but 
m the subsidiay active period before 0000 aw T. 
the reverse field movements were most frequent 
The zone of maximum auroral frequency was situated 
just south of Halley Bay, so that the sense of the 
change of vertical force would indicate a weakening 
of the auroral zone electro-jet before 0000 amr, 
which was followed by a 1ecovery and an even greater 
strengthening m the early mornmg The change of 
the horizontal component indicated a reversal in the 
direction of the overhead zonal disturbance current 
system at about 0000 emt 

Other ionospheric effects were observed with a 
Union ionosonde, m particular, 10nosonde black- 
out observations bore a different relation to Q-mdices 
in the evenmg and early mornmg In the winter of 
1958, blackouts which occurred from 1900 to 2300 
GMT were not associated with high Q-mdices, 
whereas durmg blackouts from 0000 to 1500 emt 
high Q-mndices occurred This relation 1s illustrated 
m Fig 3 with the aid of 1onosonde blackout data 
kindly supphed by Mr W H Bellchambers I$ 1s 
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Fig 4 Influence of local time on the course of world-wide geo- 
magnete storms 
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also of interest to note m Fig 3 the special nature 
of this relation near 1100 e m T, which may be com- 
pared with the peak in Q activity at 1115 a w v in 
winter and shown m Fig 2 

Nme occasions of confirmed world-wide sudden 
storm commencements (SSC) with commencements at 
different local times were exammed In Fig 4 five 
of these storms are presented and show that the local 
time variations dommate the course of the storm 
As ın the case of bay disturbances, positive departures 
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of the horizontal field occur before midnight and 
negative departures after midmght 

This work formed a part of the programme of the 
British National Committee for the International 
Geophysical Year, 1b was started at the Royal 
Society Base while I was seconded fiom the Meteoro- 
logical Office A full discussion of the results will be 
published as soon as possible I gratefully acknow- 
ledge Mr A Blackie’s assistance with the geomagnetic 
observations 


AN X-RAY STUDY OF RIGID-BODY AND INTERNAL VIBRATIONS 
OF ORGANIC MOLECULES 


By Dame KATHLEEN LONSDALE, D B.E, F R.S, and Da H. JUDITH MILLEDGE 
Department of Chemistry, University College, London, W.C | 


HE intensity of diffraction of X-rays by a set 
of parallel crystal planes depends upon the 
airangement of the atoms, their electron-density dis- 
tribution and ther state of motion Hitherto, most 
erystal-structure analyses have concentrated on the 
obtamung of accurate atomic positions and thence 
the spatial configuration of the molecules It is 
almost always assumed that the atomic scattermg 
factor f ıs a spherical function and that the atomie 
vibrations are at least approximately isotropic In 
1941 E W Hughes showed that ıt was impossible to 
obtam good agreement between observed and cal- 
culated scattermg amphtudes for the various dif- 
fracted beams from crystals of melamme unless 16 
was postulated that the vibration normal to the 
molecular plane was larger ın amplitude than that 
parallel to the molecular plane Moreover, electron- 
density Fourier diagrams often show elliptical atomic 
contours, which may mdicate a static non-spheiical 
distribution but are much more hkely to indieate 
non-spherical motion Fourier diagrams obtained 
from neutron-diffraction observations hkewise show 
elliptical contours, and these must ce1tainly indicate 
non-spherical movements (or at least displacements) 
of the nuclei If the ellpticity persists at low tem- 
peratures then there is the possibility, of course, that 
16 may mdicate some kind of disorder or uncertainty 
m the atomic positions The diffuse spots and streaks 
which form the elaborate patterns found on well- 
exposed X-ray photographs taken of stationary 
crystals usmg characteristic radiation are also due 
either to atomie or molecular thermal vibrations, or 
(if they are not variable with temperature) to zero- 
point energy or disorder Finally, the large degree of 
anisotropy of thermal expansion usually found m 
organic crystals and easily measured accurately by 
X-ray diffraction methods proves that the lattice or 
molecular vibrations must also be anisotropic 
With the advent of high-speed computers, ıt 18 
now possible to obtain for each atom, at least m the 
case of relatively smuple molecules, not only the 
atomic co-ordinates but also sufficient constants to 
indicate the directions and magnitudes of the prm- 
cipal atomie thermal vibrations (The details of the 
Pegasus computer programmes used in this work will 
be published elsewhere) Making the simplifying 
assumption that the atomic vibration figure is an 
ellipsoid, this involves (9n + 1) unknowns for a 
molecule contammg n independent atoms that 1, 


we require for each atom three co-ordmates v, y, z, 
three piineipal atomic Debye factors By, By, Bz, 
three orthogonal directions to give the orientation of 


the atomic vibration ellipsoid, X, Y, Z, and a 
scahng factor to put all diffraction amplitudes on an 
absolute scale The accuracy with which these un- 
knowns may be expermmentally determined depends 
upon the number of available Akl diffraction mtensities 
(these usually amount to several hundred, depending 
upon the size of the unit cell) and upon the precision 
achieved in makmg the mtensity measurements 
This can be tested by repetition, especially using 
more than one crystal, but ıs also dependent upon 
the success with which data can be scaled together 
when recorded on more than one film or under 
different conditions in respect of the geometry of the 
diffracted beams and the recording device It 1s, in 
short, essential that systematic errors be avoided if 
an accurate determmation of molecular and atomic 
vibrations 1s required 

Cruickshank! has pioneered m showmg how to 
extract information about the translational and 
hbrational amplitudes of the molecule, treated as a 
rigid body, from the atomic thermal-vibration ellip- 
soxds He has, however, accepted Higgs’s suggestion? 
that, compared with these rigid-body movements, 
the intramolecular vibrations, which distort the 
molecule, will be small 

We are able to prove that this ıs not always the 
case, and that if and when the mternal vibrations 
are comparatively small, ıt may still be possible to 
deduce them from the experimental observations 
Perhaps the most obvious proof 1s that even diamond, 
which 1s an mfinite three-dimensional molecule, does 
show temperature-dependent diffuse spots (Lonsdale?), 
thet ıt does expand (Thewls and Davey‘) and 
eventually becomes transformed into graphite The 
root-mean-square (ux?)!!* amplitude of atomic vibra- 
tion in diamond 1s about 0 04 A (as deduced from 
the Debye temperature Lonsdale? gives a value 
of u? = 8ux? which 1s too low) even though 
each atom is bonded to four others Simce B; = 
8x2 uy’, the value (ux?)/3 = 0 04 A will correspond 
to a Debye facto. of 0 13 (A?) and this, although 
small, 1s not negligible 

One of us (H J M ) has calculated, from 3-drmen- 
sional powder data kindly supphed by Dr G E 
Bacon, the Debye factor for graphite [0001] and has 
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found the value 0 63, which corresponds to a root- 
mean-square vibration amplitude of about 0 09 A 
Graphite has ‘infinite’ two-dimensional molecules 
which cannot undergo ‘rigid-body’ translations or 
librations All vibrations must be mtramolecular or 
distorting vibrations, and hence 0 09 A gives some 
measure of the mternal vibration amplitude that 1s 
possible for an atom tightly bonded to two others, 
the vibration bemg normal to the plane of the bonds 
In this case, however, the anisotropy of the electron- 
density distribution and hence of the atomic scat- 
termg factor must certainly be taken mto account, 
and this will be considered elsewhere What is 
ielevant here is that mtramolecular thermal vibra- 
tions alone, without translations or librations, are 
responsible for the thermal-expansion coefficient 
of graphite, which between 0° and 800° C ıs 
28 2 x 10-6 (°C )-* along [0001] (Nelson and Riley*) 

A refinement of the hexagonal boron nitride (BN) 
structure, for which even with very careful mtensity 
measurements Pease’ only attamed an R-factor of 
about 17 per cent, shows that by re-scaling and 
imposing anisotropic B-values of 0 7 m the molecular 
planes and 1 4 along the van der Waals [0001] bonds, 
R 1s reduced to 4 7 per cent Certamly there is here 
also some bond anisotropy to be taken mto account, 
but part, at least, of B [0001] must be due to thermal 
vibration and this value corresponds to a root-mean- 
square amplitude of mtramolecular out-of-plane 
vibrations of 013 A This larger magnitude as 
coropared with the graphite out-of-plane vibrations 
fits well with the larger boron nitride thermal. 
expansion coefficient œ [0001] = 405 x 10-8 
(0-800° C) 

These coefficients of expansion, however, are small 
compared with those of most aromatic compounds 
(Lonsdale5), and we may undoubtedly expect that m 
the case of plane finite molecules separated from 
ther neighbours by van der Waals distances, the 
principal cause of expansion will be the hbrations 
involving out-of-plane movements 

Our studies of à number of simple organic mole- 
cules have shown that, given a structure for which 
the residual-error factor R is small (preferably well 
below 10 per cent), 1b ıs possible to deduce, within 
lumits, numerical values not only of the translational 
and hbrational vibration amplitudes but also of 
intramolecular amplitudes, and that the internal 
molecular vibrations that emerge from these analyses 
are reasonable ones A similar analysis carried out 
on earlier Debye factors corresponding to higher R 
values (say of upwards of 12 per cent) simply produces 
nonsense A useful check on the vibration, pattern 
may be obtained by carrymg out an independent 
structure and vibration analysis on the same com- 
pound at another temperature, or on an isomorphous 
or isostructural compound 

Following Higgs*, we assume that the vaiious 
molecular vibrations are mdependent of phase and 
that the resultant mean-square amplitude m any 
given duection is the sum of the mean-square ampli- 
tudes of atomic vibrations of all kinds, rigid-body or 
distortional, in that direction For each molecule we 
may specify three principal directions of vibration, 


say i M, N (Fig 1), and for each atom in the 
molecule we have three principal directions X, Y, Z 
given by our X-ray analysis "These may be deduced 


from Fourie: analysis (for example, B, T, Nom 
13 5-C,H,Cl,) or postulated on grounds of sym- 
metry and probabihty , thus, m dr-para-xylylene, 
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symm CHCl; (O,H,Br;), B3NSH4Cl,, C,,H,, and Ci H, 
C, ,H,, (Brown?), the most hkely X, Y, Z directions 
comede at least approximately with the molecular 


L, M, N The actual determmations of Y, Y, Z 
purely by computer refinement 1s the weakest mk m 
the whole cham, bemg subject to very large standard 
deviations indeed In fact, if one refines a molecule 
known to be symmetrical as if i6 were not (that 1s, 
using the computer programme for a less symmetrical 
space group) ther. the values produced for both 


Bx and X are found to be asymmetrical, 
especially m early stages of the refinement But 
whereas the By values foi atoms related by 
symmetry converge (if the data aie good) to a point 


where they may justifiably be &veraged, the x 

values do not necessarily do so The machine, m 
fact, may attempt to mprove the agreement between 
observed and calculated structure amplitudes by 
producmg nonsense, and in the case of molecules 
having symmetrical formule an mformed guess at 


the directions of X, Y, Z 1s probably better than an 
averagmg of widely differing! computer-produced 
values, although 1t may be advisable to try more 
than one such trial set of directions 


' 
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We begin, therefore, with values of the molecular 
geometry and with three principal Debye factors 
Bx for each atom, derived from a large quantity 
of diffraction data Let us call the mean-square 
rigid-body taanslation amplitudes £p?, £y?, tw? (A ?) 
and the rigid-body hbration amplitudes qz, par®, pn? 
(radians?) and let us then obtsi a set of equations 
for ux? ( = Bx|8x?) for each atom A, B, € 
in the molecule The movement due to libration, 
although along an are, may be, for small displace- 
ments, taken as bemg along a tangent normal to the 
perpendicular (length R) from the atom to the axis 
of libration Its mean-square amplitude will be 
Ry p (A?) We wish to find £r, tar, ty. PL» 
om, on, and also Ay, Ay, Az, Br Cz which 
are the mdependent atomic vibration amplitudes 


along X, Y, Z The latter may be expected to com- 
bme into a few simple proper vibrations of the 
molecule The whole system of vibration must 
explain the anisotropy of thermal expansion 

The details of the calculations will be published 
elsewhere, but rb ıs possible to give here a selected 
example to illustrate the procedure (Consider C,,H.,,, 
the molecule of which consists of two facing benzene 
rings lmked by (CH,), bridges im para-posrtions® 
The space group is P4,/mum and the molecule 
(Fig 1)has mmm symmetry There are therefore only 


three independent atoms A (—CH,—), B c-oQ) and 


€ (-CH=) The equations describing the M and N 
movements of these atoms are (at 291° K )- 
u? (A,M) = ty? + 0 66 or? 

+ Am? = 0 0916 = 7 24/8x? 
u? (B,M) = ta? + 1 89 oz? 

+ By? = 0 0737 = 5 82/8x? 
u? (C,M) = ty? + 2 38 pr? + 1 42 py? 

+ Cu? = 0 0946 = 7 47/87? 
u2(A,N) = ty? + 7 98 gr? i 

+ Ay? = 0 0753 
u? (BN) = ty? + 1 91 oz 

j + By? = 0 0547 = 4 32/87? 

u?(C,N) = ty? + 0 Sl ez? + 1 42 om? 

+ Cy? = 0 0619 = 4 89/8n* 


(1) 
(2) 
(3) 


5 95/8x2 (4) 


From (1) and (2) we have 
Aa? = 0 0179 + Bar? + 1 23 oz? 
and therefore Am? > 0 0179 (A.2), Aw 013 A 


(The estimated standard deviation in wy? 1s about 
0 006 A 2, corresponding to 0 6 m By ) From (4) we 
know that 7 98 973 <0 0753 (ty?, Ay? are zero or 
positive) and from (5) ty? <0 0547 (pz*, By? zero or 
positive) Both these equalities could not, of course, 
be true srmultaneously From (4) and (5) 


6 07 or? = 0-0206 + (By? — Ay?) 


A large value of Agar would involve considerable 
stretching of bonds, unless By and Cy also have 
medium to large positive values , and therefore rb 15 
probable that By? > Ay*, smee Ay would not be 
large for any reasonable molecular vibration If 
By? > Aw? then 


0 0094 > er? > 0 0034 
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which gives Am? — By? > 0 0221, Ag — 015 A 
and 


iy? < 0 0673 
ty? < 0 0482 


By a seues of similar approximations we arrive at 
the values shown ın Table 1, the lunits of error being 
based on the indeterminacy inherent in the argument 
and nob on possible experimental errors m the ux? 
This means that the actual numerica] values may 
still need adjustment, although we believe the general 
pattern to be a correct one 





Table 1 PROBABLE RANGES OF VALUES OF INTERMOLECULAR AND 
INTRAMOLECULAR ROOT-MEAN-SQUARE VIBRATION AMPLITUDES FOR 
Di-para-XYLYLENE MOLECULES AT 291° K AND 93° K , RESPECTIVELY 


t tar iN OL om PN 
eo x >016 0235 014A 0065 0045 0 065 radians 
£021 0255 091 0085 008 0 085 
ow x 2014 015 009A 0045 003 003 radian, 
£018 016 O14 0065 0005 0 05 
AL EL CL AM Bar Car 
E >010 007 0 014 0 007 A 
£017 012 O10 017 006 012 
apud >008 0045 0 0095 0 0005 A 
£013 007 0065 011 0046 008 
AY By Gy 
, >0 007 010A 
291'É — 7 006 014 030 
>0 0045 D046 A 
93° K. 2004 010 0125 


The rigid-body hbrations are such that the max- 
imum values of yox are about equal in magnitude 
to the translational amphtudes They aie reduced 
by about one-third at 93° K as compared with room 
temperatures, but the general pattern 1s the same 
although the complete structure analyses at the two 
temperatures are entirely independent (Lonsdale, 
Milledge and Rao, Proc Roy Soc, m the press) 

The mternal movements are such as to mply two 
prinerpal distorting vibrations of the molecule 
(Fig 2) The first is a concertina movement mvolving 
An and Cy, with smaller movements of Bar, By 
The second is a twisting movement involving Ay and 
Br with smaller Cz and Cw vibrations There will 
be other movements supermmposed on these, but only 





(a) (b) 
Molecular vibrations found for diparaxylylene, C.H, 


Fig 2 
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Table 2 
| CHCl, CHa Br, B4N3H;Cl, 
(299 *K) = (98° K) (room temp ) |(room temp ) 
tz (A) 0 195 0 115 0 155 0 24 
tur (A) 0 16 0 07 0 13 0 20 
ox (radians) 0 085 0 03 0 05 0 065 





these are clear , and ıt will be seen that they involve 
amphtudes eomparable with, though smaller than, 
the £ and Rọ values We are investigating other 
" compounds (bis-2 7-dimethylene naphthalene and 
di-m-xylylene) where a forced proximity and parallel- 
ism of aromatic rings may be expected to imply large 
internal vibrations of the molecule 

We have also studied 13 5-C,H;Cl, (ab 298° K 
and 93° K ) and 13 5-C,H,Br, (Milledge and Pant!’ , 
Milledge and Lonsdale, m the press) and we have 
refined the structure of BBB-B,N,H,Cl, ongmally 
analysed by Coursen and Hoard" The first two are 
isomorphous, the latter has a structure closely similar 
in orientation of the molecules, although not ıso- 
morphous (Lonsdale, in the press) The data for 
the benzene compounds are insufficient to give a 
complete vibration analysis, but they do give the 
approximate values of tz, tar and py shown m Table 2 

It will be seen that the magnitudes are comparable 
with those obtamed for C;,H4,, but that the heavier 
isomorph has the smaller vibrations 

The independent vibrations of the three chlorme 
atoms m C,H,Cl, are not equivalent In a direction 
tangential to the benzene rmg the atoms Cl, Cl, Cl, 
(Fig 1) have mean-square amplitudes 0 0136, 0, 
0 0324 A: respectively, at 293° K (or possibly 
00136 + k, k, 00324 +4, with a corresponding 
reduction in ow? A weakness of our simple method 
is that 14 cannot distinguish these two possibilities) 
To eliminate these differences would involve errors 
of 1 0 and 2 5, respectively, m the measurement of 
the Debye factors, whereas the estimated standard 
deviation is only about 0 25 Nor ıs rb unreasonable 
that they should differ, since the bonds linking them 
to neighbourmg molecules are different for the three 
chlorme atoms 

The molecule of B,;N,H,Cl,; has a plane of sym- 
meiry parallel to (010) The chlorme atom on the 
mirror plane has up? (tangential to the ring) greater 
than that of the asymmetric chlorme But there are 
also mdieations of a marked independent movement 
of the boron and nitrogen atoms normal to the 
molecular plane This 1s consistent with the [0001] 
movements m hexagonal boron nitride previously 
mentioned. 

Fimally, we may consider anthracene and naphtha- 
lene Previous thermal analyses of anthiacene have 
been based on experimental data which were only 
claimed to be accurate to about 10 per cent (Mathieson 
et al 1?) and which more accurate recent data have 
shown to be subject also to some systematic errors 
No complete set of accurate 3-dimensional ' F | values 
is yet available, but two partial sets, one 3- and one 
2-dimensional, measured by  Geiger-counter and 
photographie methods respectively, agree to 3 5 per 


A c 
B D 


Fig 3 One possible vibration of anthracene, Cr Hio 
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cent and iefine to 4 4 and 56 per cent, to give 
moleeular geometries and By values which differ by 
far less than the estimated standard deviations cal- 
culated for eibher set separately Moreover, mde- 
pendent two-dimensional data at low temperatures 
refine to 6 6 per cent to give a similar, though 
reduced, thermal vibration pattern 

Cruickshank! gave the thermal amplitudes for 
each atom A—-6G (Fig 1) in tangential, radial and 
normal directions with respect to the mass centre 
and plane of the molecule We beheve that the 


expermnental data imdieate that L, M and N are 
the correct prmcrpal atomic directions, except 
possibly for the extreme atoms A and G Assuming 
that A and G, B and F, € and E are equal withn 
each paw, we obtam the results given m Table 3 
(Lonsdale, Mason and Milledge, m preparation) 
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Table 3 PROBABLE RANGES OF VALUES OF INTERMOLEOULAR AND 
INTRAMOLECULAR ROOT-MEAN-SQUARE VIBRATION AMPLITUDES FOR 
ANTHRACENE MOLECULES AT 290° K AND 95° K RESPECTIVELY 


th tar ty RL eM oN 
a90° K >022 016 0155A 006 0045 0 05 radians 
X 02955 019 017 007 005 006 
op x 29032 005 008A 0 0 0 02 radians 
£0185 0085 O11 003 003 0035 
AL BL v Dr An Bu Cy Da 
aon? > 0075 004 0 0 0080 Ol A 
2 0085 0048 oos 003 007 0215 009 0 155 
AN BY Oy Dx 
»006 0 008 0 
290 X Z009 003 0075 003 
AL Be. Gp Dr x Ba Cx Dx 
gp K 2004 002 004 0 00950 — 00854 
20085 004 0055 O02 (boas D105 O06 OUI 
AN BY Gy Dy 
J >003 0 0050 A 
95 X l6519 003 000 007 


The ¢ and p values are similar to those of the 
eompounds previously studied, but there are also 
striking mtramolecular vibrations The large values 
of Bj; and Dy, combined with Az, pomt to an 
in-plane distortion which appears not to be markedly 
sensitive to temperature Similarly, the out-of-plane 
vibrations Ay and Cy are large at both temperatures, 
but By and Dy are not If Agr and Cyr are related 
in phase, then some such movement as is shown in 
Fig 3 would result, but there 1s no proof that this 
particular mte.pretation of Table 3 1s correct 

A weakness of the method previously mentioned, 
which may be illustrated by naphthalene, ıs that 
there 1s as yet no way of deciding, on our simple 
model, whether the calculated value of (say) tr 
should be reduced by k and the values of Ay, Br, 
eto, all increased by the same amount Since Az, 
Bz, eto, are not necessarily m phase, these would 
represent different vibration patterns Thus, the 
observed uz? and um? for naphthalene can all be 
satisfactorily explamed in terms of iz = 0 21 A, 
ty 0 17 A, gy = 0 072 1adians, with Ar, = Aus 
Bz = 0 In the perpendicular direction, however, 
Ay and Cy are found to be about 0 11 4+ 0 02 A, 
with By = 0, umplymg an out-of-plane bending or 
puckeimg vibration of the molecule Our consistent 
practice has been to assume that, failing evidence to 
the contrary, the internal vibrations are zero 

We recognize that the analyses we have illustrated 
here are over-sumplified The major defect, that of 
an assumption of a spherical atomie scattermg factor, 
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now being investigated in the light of the experi- 
ental. data for graphite and hexagonal boron 
e. We do not believe that this source of error 
liminated by using only high-angle reflexions in 
ermal analysis ; errors may even be introduced 
this procedure. 
Perhaps we can justify the simplicity of our 
approach by suggesting that if earlier workers had 
inhibited, in their initial analyses of the struc- 
of simple ionie compounds and of diamond, by 
original neglect of refraction, dispersion, tem- 
rature vibrations, defect and disorder, the funda- 
tal] advances in crystal-structure analysis for 
h they were responsible would have been very 
much delayed. 
. We are most grateful to several colleagues for the 
suse of intensity data prior to publication, or for 
original data published in a modified form ; and also 
for erystal specimens. 

The calculations of atomie co-ordinates and 
B-factors basic to this article were carried out with 
the help of a grant for computing made from the 
< Wellcome Trust, and with the use of tape-editing 














FLORAL MORPHOLOGY AND THE TAXONOMY OF EUCALYPTUS - 
By Dr. D. J. CARR and S. G. M. CARR 


Botany Department, University of Melbourne 


HERE has been, in recent years, a revival of 
: interest in 'old-fashioned' comparative morph- 
ology às a tool in problems of taxonomy and phylogeny 
of Angiosperms!. Among the many groups in which 
conventional study of the morphology of the flower 
“ip still required is the large and important genus 
_  Bucalyptus, despite the fact that taxonomic relation- 
"ships within this genus have been under fairly 
© eontinuous scrutiny over the past 150 years. In this, 
Cus in certain other genera of Myrtaceae’, the perianth 
parts are united to form one or two opercula which 
cover the flower until anthesis. Practically no reliable 
ormation is available concerning the structure and 
behaviour of the opercula in most species, and little 
use has been made of operculum characters in class- 
ification, apart from length and shape. Only one 
floral character has been used in delimiting most of 
"the major categories within the genus, namely, the 
|| shape and mode of dehiscence of the anthers, and even 
/ here diversity has not been thoroughly exploited. 
- No reference, for example, has ever been made to 
the presence of supernumerary glands (additional to 
the terminal gland) in the connective or on the anther 
i: lobes of certain species. Attempts have been made 
to produce a workable classification or deduce affini- 
ot opes between species using criteria such as bud and 
“fruit shape, operculum length, shape, venation and 
' glaucousness of leaves, cotyledon shape, and, more 
recently’, seed anatomy. Such are the difficulties of 
the standard classification that, although this is put 
forward in what purports to be a ‘key’ to the genus’, 
it is virtually impossible to use it as such ; its de- 
ficiencies are well known to many Australian botanists 

(see, for example, ref. 5). 

Comparative studies on the anatomy of wood’, 
bark’, chromosome complements, and pollen grains? 
have not yielded information of much value to the 
taxonomist, principally because these studies have 
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equipment purchased by means of a grant from the 
University of London Central Research Fund. Our 
thanks are also due to Messrs. Babcock and Wilcox; 
Ltd., for enabling us to use their Ferranti Pegasus 
computer. 

One of us (K. L.) would like here to acknowledge 
personal indebtedness to the late Sir William Bragg 
for a training which emphasized that a simple 
approach to a difficult problem is not necessarily an 
inaccurate one. 


? Cruickshank, D. W. J., Acta Cryst., 9, 915 (1956) ; corr., ibid. , 10, 
470 (1957). 


* Higgs, P. W., Acta Cryst., 8, 99 (1955). : E 

* Lonsdale, K., Proc. Roy. Soc., A, 179, 315 (1942). 

* Thewlis, J., and Davey, A. R., Phil, Mag., 1, 409 (1956). 

* Lonsdale, K., Acta Cryst., 1, 142 (1948). i 

* Nelson, J. B., and Riley, D. P., Proc. Phys. Soc. 87, A77 (3945)... : 

* Pease, R. S., Acta Cryst., 6, 856 (1952). ^ 

* Lonsdale, K., Z. Kristallogr., 112, 185 (1959). 

? Brown, O. J., J. Chem, Soe., 8265 (1953). 

10 Milledge, H. J., and Pant, L. M., Acta Cryst. (in the press). 

u Goursen, D. L., and Hoard, J. L., J. Amer. Chem. Soe, 74, 1742 
(1952). 

u Mathieson, A. MeL., Robertson, J. M., and Sinclair, V. ©., Acta ` 
Cryst., 8, 245 (1950). 

















been inadequate in both extent and depth. Never- 
theless, botanists and foresters have become familiar 
with the facies of the species (more than five hundred _. 
according to Blakely, but possibly reducible to 
between three and four hundred) and this has led to 
the establishment of certain groups (‘series’) some 
of which may be aecepted as consisting of closel 
allied species and therefore ‘natural’, Others 
Blakely’s series are clearly artificial, and a few specie 
are so imperfectly known that their allocation to: 
series is either intuitive or quite arbitrary. 
One of the worst features of Hucalyptus taxon omy 
is that it is based largely on what may be termed 
‘shaggy dog’ features, characterized by the qualifica- 
tion ‘more or less’, rather than on quantitative 
features, expressible numerically or by presence or 
absence. But more important still is the lack of 
fundamental concepts of the relationships between 
the series. The larger taxonomic units or ‘sections’ 
are still based primarily on Bentham's five anther 
classes, despite the fact that at least forty kinds of 
anthers, differing in size, shape, dehiscence, ete.!!, 
have been distinguished, and that many species are Hn 
notoriously difficult to ‘key out’ by their anthers, u 
Any classification based entirely on shapes which can 
vary"! and which cannot be adequately described in 
words is bound to contain anomalies and, as Bentham 
was well aware, such a classification, based on a 
single feature, must be somewhat artificial. 
The genus Eucalyptus is supposed to be distinet 
from Angophora in that Angophora has both petals 
and sepals free, whereas in Eucalyptus one at least 
of the perianth whorls is in the form of an operculum 
which is shed at anthesis. In fact, as we shall show, 
certain species have only a petaline operculum with 
or without sepals, and the others have two opercula, 
the outer, sepaline, operculum being shed either 
prematurely or with the inner one at anthesis. 
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(We understand that Mr. L. A. 8. Johnson, New 
South Wales Herbarium, has reached conclusions 
which, in certain details, confirm our own.) In 
certain species the sepals remain small but free from 
each other and may persist even on the mature fruit. 
This condition of chorisepaly is found in species 
belonging to several of the groups which have evolved 
within the genus, although certain chorisepalous 
species, mostly grouped as series Eudesmieae, may 
be fairly closely related to each other. The Eudesmieae 
are characterized by the persistence of the sepals as 
small teeth and/or the grouping of the stamens into 
four bundles, opposite the petals, which are fused to 
form a single opereulum. In the very young flower 
bud the sepals are large, relative to the other organs, 
but they soon cease growth and in the mature flower 
seem comparatively minute. Some of the species of 
Eudesmieae have both persistent, free sepals and 
grouped stamens (for example, E. tetragona), others 
(for example, E. gamophylla, wrongly placed by 
Blakely) have only the first of these characters, and 
other species again have no sepals but have the 
stamens grouped (for example, E. baileyana). (For 
Eucalyptus, Blakely's nomenclature (see ref. 4) is used 
throughout this communication. For related genera, 
the nomenclature is that used in ref. 9.) Microscopic 
examination of sections of the flower buds of the 
latter species has failed to reveal any trace of the 
sepals. In all species of Eucalyptus the inner and 
outer surfaces of both sepals and petals are covered 
by a cuticle which can be distinguished by the 
techniques of fluorescence microscopy'*. In critical 
cases, as, for example, in E. albens, the presence 
of two opercula, closely adherent to each other, 
can be demonstrated only by fluorescence micro- 
scopy of thin sections of the mature bud, or by 
a study of the development of the flower bud 
(Fig. 1). 

The species of the Eudesmieae may be arranged 
as a series in which the sepal primordia are pro- 
gressively reduced in size until they are eventually 
suppressed altogether, thus leading to a condition 
in which only one perianth whorl (presumably the 





Vig. 1. Fluorescence photomicrograph (x 25) of a median longi- 
tudinal section of the tip of a mature flower bud of E. siderozylon, 
showing fluorescence of cuticle on sepaline and petaline opercula 
and the cuticle-lined canal at the tip of the sepaline operculum. 
The canal in the petaline operculum is not seen in this section 


Fig. 2. Young inflorescence ( x 1:5) of E. steedmanii after shed- 
ding of bracts. The sepals of the three flower buds are free and 
comparatively large 
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corolla) is formed. This condition is common to most, _ 
but by no means all, of the species included in the _ 
section Renantherae, and to all of those ingih » 
Renantheroideae. The species of Blakely’s s 
Myrtiformes (section Renantherae), E. deglup 
raveretiana and E. brachyandra, have double op 
and should possibly be placed with the Exse 
(section Macrantherae). 
We have already shown that E. microcorys sh 
be excluded on other grounds", and both it 
E. guilfoylei should be placed with the Transve 
On the other hand, E. jacksoni, which has 
confused with Æ. guilfoylei (they are ecologically 
associated and were both originally described from 
non-flowering material) should be placed in the 
Renantheroideae near Æ. patens, as suggested by 
Gardner, j 
Some of the species of the Macrantherae are mono- 


operculate (E. preissiana and E. megacarpa (series . 


Globulares) and E. miniata and E. phoenicea (series 
Miniatae). If these species are to be grouped together 
with the renantherous species, the new arrangement 
would appear to cut directly across the system based 
on anther shapes. The species involved in this group- 
ing, however, show every transition from the macran- 
therous condition (Miniatae) to the fully renantherous. 
Moreover, other characters such as the possession of 
stellate hairs by the juvenile foliage and, according 
to recent work?, some of the characters of the seeds 
appear to be common to many of the mono-operculate 
species and uncommon in, or even quite absent from, 
species with double opercula. We have traced" the 
progressive increase in the number of flowers in the 
dichasial cluster from the Eudesmieae to the Renan- 
therae, and in the degree of fusion of the bracts of 
the involucre, which never number more than six 
in the mono-opereulate species. We propose to group 
these species in à sub-genus for which we suggest the 
informal name ‘Monocalyptus’. 

Although asepaly or chorisepaly is necessarily 
associated with a mono-operculate condition, it does 
not follow that all species in which the sepals are 
free from each other should be placed together, and 
Blakely's Eudesmieae may prove to contain some 
species unrelated to the others. Chorisepaly occurs 
in some other species but has not hitherto been 
recognized. The young flower buds of E. steedmanii, 
a species described in 1933, has sepals which are 
very large in proportion to the other organs. Although 
they remain free from one another, they become — 
adherent to the petaline operculum as thick ribs 
with free recurved tips (Fig. 2). This species appears 
to be most closely allied to those of the series Dumosae. 
Free sepals are also present on the flower buds of 
E. kruseana, but they are delicately attached and 
are usually shed a little before anthesis (Fig. 3). 
This species is placed by Blakely in a highly artificial 
series, Globulares, but in its habit, foliage and cotyle- 
don shape’ it resembles E. crucis and should be 
placed near it. 

The primordia of both sepals and petals arise in 
decussate pairs (in accordance with the basie phyllo- 
taxis of Eucalyptus'*) and the first formed pair of 
sepals and petals are generally larger than the other 
pair. Occasionally five sepals are formed. Apical 
growth of the sepal primordia soon ceases and further 
enlargement takes place either by zonal growth, in 
which the bases of the sepals are united to form a 
tube, or by separate intercalary meristems. In the 
former case a sepaline operculum is formed, while 
the latter results in chorisepaly, the length of the 
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Fig. 3. Flower bud of E. kruseana showing the free sepals ( x 20) 


Fig. 4. Flower bud of E. guüfoylei, seen from above to show the 
abscission scar of the sepaline operculum and the sutures of 
the petals, which form the petaline operculum ( x 10) 


sepals depending on the extent of intercalary growth. 
In all cases, at least the tips of the sepals remain 
free from each other and the tips of the petals are 
also free. Thus the tip of each operculum is traversed 
by a cuticle-lined canal. The limbs of the sepals may 
also be free from each other to an extent depending 
on the delay in initiation of the circular meristem 
at the base of the sepal primordia, In E. pyriformis, 
for example, the sepals are free from each other for 
about one-third their length (compare ref. 17), but 
die and are shed when the flower buds are about 
l em. long. In a few species the sepals are free from 
each other but undergo abscission when the flower 
buds are less than 2 mm. long (for example, E. 
brachyandra, E. raveretiana and E. microcorys. The 
sepals are then either shed or, if they remain adherent 
to the petaline operculum, wither and are torn into 
fragments during its growth. 

3 In certain species, for example, E. microcorys, E. 
guilfoylei (Fig. 4), E. raveretiana and E. curtisii, 
post-genital fusion of the margins of the petal 
primordia is delayed and the lines of fusion of the 
petals are clearly visible on the mature flower bud ; 
in these species the petals are readily separable with 
a dissecting needle. In E. erythrocorys, in which the 
petals are all equal in size, the sutures are conspicu- 
ously thickened. In at least a few species of the 
Corymbosae (for example, E. ficifolia and, contrary 
to Willis'*, E. gummifera) the petals are not even 
post-genitally fused and are actually separate in the 
mature bud, although adherence to the sepaline 
operculum causes them to be shed with it as part 
of a single cap. 

In immature flower buds the absence of a sepaline 
opereulum may be surmised from the absence of the 
scar or line which, in species which lose the outer 
operculum precociously, usually indieates its former 
line of junction with the petaline operculum ; but 
this criterion must be used with considerable caution. 
Certain species (for example, some of those in the 


Corymbosae) retain both opercula until maturity, 
and others may lose the sepaline operculum when 
the flower buds are still enclosed in the involucre 
and so small that no scar is later visible. In Æ. 
lehmanni, for example, it is necessary to examine 
buds no more than 1-2 mm. long in order to see the 
sepaline opereulum, which has then ceased to grow. 
Each flower is sessile and grows through the outer 
operculum, leaving its disorganized remnants attached 
to the ‘common receptacle’ of the inflorescence. This 
species belongs in the series Cornutae, one of the 
more obviously natural groups’, and related species 
also lose a sepaline operculum early in development, 
though none so precociously as E. lehmanni. 

Also deceptive are the four-angled flowers of species 
such as Æ. tetraptera, which has been placed near the 
Eudesmieae on the supposition that the tips of the 
four angles of the calyx-tube represent free sepals. 
In fact, E. tetraptera loses a sepaline operculum in 
early development?" and the ‘tetrapterous’ condition 
may be merely the result of compression of the 
young flower bud between its bracteoles (as in Æ. 
globulus, which loses its sepaline opereulum relatively 
late, and E. forrestiana) and is, in any event, not à 
character common among chorisepalous species. 
E. tetraptera should be placed with the mallees (series 
Dumosae) which it resembles in its general habit, 
leaves and cotyledons and stamens. 

Relatively few species retain both opercula until 
anthesis and they are placed in widely separated 
sections. Some of them comprise the series Corym- 
bosae (bloodwoods) after the removal of the species 
grouped as the Clavigerae (Maiden) S. T. Blake* and, 
with the exception of E. jacobsiana, which is incor- 
rectly placed by Blakely, of the yellow bloodwoods 
(E. eximia, E. torelliana, E. peltata, E. bloxsomei, 
E. watsoniana), all of which lose the sepaline operculum 
at an early stage in flower development. The yellow 
bloodwoods (in the restrieted sense used above) should 
be grouped at least as a separate series, for which we 
suggest the name ‘Eximieae’. It has already been 
suggested* that the Clavigerae may not be so closely 
related to the Corymbosae as has hitherto been 
thought, and the same suggestion may now be raised 
concerning the Eximieae. However, other characters 
(for example, the caoutchouc-like cuticle) peculiar 
to the bloodwoods (and found also in some species 
of Angophora) may indicate affinities despite the 
differences in behaviour of the sepaline opereulum. 

Certain species of the section Terminales also 
retain both opereula until anthesis. Many of them 
are placed in the series Siderophloiae which is, how- 
ever, quite heterogeneous. Most of the species of 
the supposedly related Heterophloiae lose the sepaline 
operculum before the flowers reach maturity. The 
species in this section and in the heterogeneous 
section Porantheroideae-Normales are among the 
most ‘difficult’ in the genus and, as the mode of loss 
of the outer opereulum (which we have found to be 
constant for a given species) can be readily determined 
from unopened buds on herbarium specimens, type 
specimens should be re-examined critically in order 
to clear up some of the taxonomic muddles. Due 
warning should be given, however, of the necessity 
of examining thin sections with the aid of the micro- 
scope. 

In the majority of species with two opercula, the 
sepaline operculum is shed either at a very early 
stage in flower development or at least well before 
maturity of the bud. This group includes Trans- 
versae, Cornutae and Subcornutae, Dumosae and 
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Exsertae, which are all fairly natural séries of the 
section: Macrantherae. It also ineludes sections 
Macrantherae-Normales, Graciles, Micrantherae and 


is here that the main problems of Hucalyptus tax- 
onomy now lie, and further criteria are required to 
< elucidate relationships. To this end we have collected 
^. & considerable amount of information on the presence 
or absence of oil glands in the filaments and of super- 
numerary glands on the connective or anther lobes, 
< characters which have either not been recorded or 
21 not deemed worthy of more than casual reference. 
“In the Cornutae and Dumosae, for example, the fila- 
.. ments have oil glands and there are supernumerary 
. glands on the connective or anther lobes of many of 
"the species of these series, which are probably quite 
;elosely related to each other. 

While the nature and behaviour of the perianth in 
Eucalyptus remained obscure, comparisons with 
supposedly distinct but related genera, such as 
Angophora, Pleurocalyptus and Cleistocalyx were 
difficult to make and the distinctions between 
Eucalyptus and these genera seemed clear. Both 
Cleistocalya (Acicalyptus) and Pleurocalyptus have a 
sepaline operculum and free petals, which are adherent 
and are shed together as a cap. This cap often 
remains attached to one side of the open flower bud. 
The petals are fringed and highly glandular. All 
these characteristics are shown by certain members 
of the Corymbosae. The ovary of Pleurocalyptus is 
semi-superior, as is the ovary in certain species of 
Eucalyptus, for example, E. deglupta, E. raveretiana. 
Again, the similarities between the vegetative char- 
acters of Angophora and those of some species of 
Eucalyptus are striking; the resemblance between 
E. jacobsiana and E. setosa and certain species of 
-Angophora is remarkable. It is tempting to suppose 





















N our previous ecommunieationsh^? two facts of 
acquired resistance to experimental allergie en- 
eephalomyelitis have been reported, namely, (a) after 
recovery from the conditions and (b) after immuniza- 
<option with a mixture of the non-encephalitogenie brain 
oof an embryo or new-born rabbit with the adjuvant. 
U^. Prior to our work, three other facts of induced 
resistance to experimental allergie encephalomyelitis 
have been described: (1) Ferraro and Cazullo* 
inoculated a mixture of monkey brain with paraffin 
oil and lanolin (without mycobacteria) in 15 daily 
doses to guinea pigs. On the fourth day after the last 
inoculation, the animals were treated with the en- 
cephalitogenie mixture. Out of 12 animals, 1 con- 
tracted the disease compared with 12 or 13 in the 
control. (2) Condie et aL.* reported resistance in 
rabbits 45 days after immunization with homologous 
spinal cord. (3) Lumsden’ reported resistance after 
inoeulation with non-encephalitogenie mixtures of an 
aleohol extract of the brain or adrenals with the 
adjuvant and suggested that the resistance was called 
forth by the adjuvant. 











Platyantherae, a large and heterogeneous group. It’ 
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that Eucalyptus has had a polyphyletie origin and 
that Monocalyptua, in particular, has developed quit 
independently of the rest of the genus. à 

We wish to thank the Government botan 
Vietoria and New South Wales for allowing ug 
to the State Herbaria. Our thanks are due ¢ 
many foresters in Victoria and colleagues at Mel . 
bourne for collecting specimens, and to Mr. E. A. 
Matthaei and Mr. R. Oldfield for assistance:with 
mieroseopy and photography. 
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879-84). : 2m 
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VARIOUS TYPES OF ACQUIRED RESISTANCE TO EXPERIMENTAL 
‘ALLERGIC’ ENCEPHALOMYELITIS 


By G. J. SVET-MOLDAVSKY, |. A. SVET-MOLDAVSKAYA and L. I. RAFFKINA 


L.A. Tarasevich State Control Institute of Sera and Vaccines, Sivtzev-Vrazhek 41, Moscow 






Following our publication, Kies and Alvord* con: 
firmed Lumsden’s suggestion. These workers suggest 
that in our experiments acquired resistance has been 
induced by the adjuvant, in particular, by the killed 
tubercle bacilli. 

Our evidence confirms that immunization with the © 
adjuvant alone can indeed account for a certain 


amount of resistance to experimental allergie en- 


cephalomyelitis, but as regards its morphology and: 
mechanism it is to be distinguished from the resistance UN 
acquired after recovery from the condition or after 
immunization with a mixture of embryo brain and 
the adjuvant. 
Experimental proof is addueed below that there 
are various types of aequired resistance to 
experimental allergie — encephalomyelitis. These: 
types of resistance ean be understood from con-. 
sideration of that acquired by animals after 
recovery from experimental allergic encephalo- 
myelitis, which makes doubtful the allergic nature 
of the condition itself. Prior to our experiments, 
this fact has not been deseribed in the literature, 
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in which even quite opposite results can be 
found! 

In the following experiments a somewhat modified 
technique from that previously described’? has been 
used a total challenge dose of 1 ml of the encephal- 
ibogeme mixture was injeeted subcutaneously to 
guinea pigs aymultaneously ın 5 loci m doses of 0 2 ml 
In most of the experiments large arumals (500— 
1,000 gm ) were used, since they have been found to 
be particularly susceptible to experimental allergic 
encephalomyelitis 

In the first experiment, 53 guinea pigs were re- 
peatedly treated 1-9 months after recovery fiom 
expermnental allergic encephalomyelitis with the 
encephaltogenic mixture Only one case of disease 
was recorded as agamst 78-100 per cent in the 
controls The acquired resistance following recovery 
could not be transmitted passively via the blood and 
the cells of the lymphatic nodes and spleen? 

In the next series of experiments guinea pigs were 
immunized two to three times with various ingie- 
dients, and after 3-6 weeks were challenged with the 
encephahtogenic mixture 

Guinea, pigs mmmumzed with a mixture of the 
bram of new-born rabbits with the adyuvant proved 
resistant to experimental allergie encephalomyelitis 
The disease incidence was 0/31 ın the experiment and 
32/37 m the control (86 per cent) (Here and below 
the denommator mdicates the number of animals 
in the experiment, and the numerator the number of 
individuals contracting the disease ) After challenge, 
m the cerebrum of the animals with resistance 
acquired after recovery from experimental allergic 
encephalomyelitis and after immunization with a mx- 
ture of bram of new-boin rabbits with adjuvant 
there was found the pathomorphological picture 
of experimental allergic encephalomyelitis without 
demyelmization along with complete clmeal 
health 

The disease meidence among the guimea pigs 
unmunized with the adjuvant alone varies from 0/31 
to 4/9 (44 per cent) compared with 32/37 (86 per 
cent) and 14/18 (77 per cent) m the controls How- 
ever, m the central nervous system of gumea pigs 
which have acquired resistance through mmuniza- 
tion with the adjuvant alone, no changes have been 
noted exther prior to challenge or after ıt This 
resistance apparently does not mvolve the central 
nervous system, bemg merely ‘peripheral’ This is a 
resistance to the offect of the adjuvant or, more 
precisely, to the peripheral] mechanisms of mduction 
of expernnental allergic encephalomyeltis but not to 
experimental allergic encephalomyelitis itself which 
develops in the central nervous system 

No resistance has been achieved through ummuniza- 
tion with a 50 per cent suspension of the bram of 
new-born rabbits per se o1 with lanolin and paraffin 
oil, or with large doses of killed BOG per se 
(200 mgm doses twice m 5 loci) or with lanohn and 
paraffin oil 

Daily mjections for 15 days of 0 2 ml of a mixture 
of adult rabbit bram with lanohn and paraffin oil 
(Ferraro and Cazullo’s method’) ensured resistance to 
the admunistration of the encephalitogenie mixture 
on the fourth day after completion of the mjections, 
namely, 2/10 (20 per cent) in the experiment as com- 
pared with 7/9 (77 per cent) m the control 

The next experimental series suggests the existence 
of acquired resistance to expermmental allergic en- 
cephalomyelitis of the mterference type Gumea 
pigs were injected daily for 16 days mtraperitoneally 
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or subcutaneously with 3 ml of a 20 per cent cerebral 
suspension of adult rabbits without adjuvant 
Between the sixth and seventh mjections they were 
treated with an encephalitogeme mixture The 
disease meidence m the experiment was 3/16 (18 per 
cent) and 8/11 (72 per cent) m the control No mter- 
ference effect was observed on moculation according 
to the same scheme (1) with the biam of new-born 
rabbits, (2) with large doses of killed BCG (16 
doses of 250 mgm), (3) with Janolm and paraffin 
ol We could not confirm oui suggestionb? as to 
the presence m the bram of new-born rabbits of a 
factor responsible for the development of resistance 
to experimental allergic encephalomyehtis and differ- 
ent from the encephalitogenie factor 

We could not distmguish the antigens of rabbit 
embryo brain from the brain of adult rabbits im. the 
anaphylaxis reaction with desensitization, using 
Zilber's method*.* 

Multiple daily subcutaneous and intraperitoneal 
mjeetions of large doses of adult rabbit bram also 
prevent the contraction of expermental allergic 
encephalomyelhtis when they are started simultane- 
ously with the administration of the encephalitogeme 
mixture 

Moreover, daily 20 mtraperrtoneal injections of 
5 ml of 25 per cent adult brain suspension, started 
5 days after the mjection of the encephalitogene 
mrxture, completely prevent experimental allergic 
encephalomyelitis (0/13 m the expermmental group as 
compared with 12/15 m the control one) Even if 
treatment with massive doses of the cerebral sus- 
pensions started at a later date, 1t checked the 
disease 

In some expermnents single or two-fold mtra- 
cerebral moculation of bram emulsion of adult rabbits 
interfered wrth the effects of the simultaneous or 
previous admmusiration of the oencephalitogenic 
mixture 

The followmg types of acquired resistance to ex- 
permnental allergic encephalomyelitis can be tenta- 
tively distinguished (1) acquired resistance of the 
central type (recovery after the disease, mmmuniza- 
tion with the brain of new-born rabbits with adju- 
vant); (2) resistance of the mterference type (ad- 
ministration of the cerebral substance shortly before 
or after administration of encephalitogenie mixture) , 
(8) resistance of the peripheral type (admumstration 
of the Fieund adjuvant) 

We have found recently in the progeny of guinea 
pigs treated durmg pregnancy some signs of experi- 
mental allergic encephalomyelitis*!° This progeny 
at the age of five months had evidenced some degree 
of resistance of the disease 

We acknowledge the technical assistance of 
I S Keeselova and E A Kanigma 


1 Svet-Moldavskaya, I A , and Svet-Moldavsky, G J , Nature, 181, 
1586 (1958) 

* Svet-Moldavskaya, I A , and Svet-Moldavsky, G J, Acta Virol 
(Bratislava), 8, 1 (1959) 

, Peraro gab ^4 Cazullo, © L, J Neuropathol and Exp Neurol, 


* Condie, R M, Kelly, J T , Campbell, B , and Good, R A , Fed 
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? Svet-Moldavsky, G J, Svet-Moldavskaya, I A, and Raffkina 
L I, abstracts of the conferenée on “Problems of General 
Immunology”, June 18-19, 1959, p 24 (Academy of Medical 
Sciences of the USSR , Moscow, 1959) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, December 14 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W 02), at 5 30 p m —Diseussion on “Why Hi-F1?”, opened by Mr 
P P Eckersley 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8 W 1), at 5 30 p m —Mr P B Cornwell “Insect 
Control by Gamma Irradiation” 


ROYAL GxEoGRAPHIOAL Socimry (at 1 Kensington Gore, London, 
8 W 7), at 830 pm —Baron G de Gerlache de Gomery “The 
Belgian Antarctre Expedition” 


Tuesday, December 15 


INSTITUTE OF MARINE DNOINEERS (at the Memorial Building, 76 
Mark Lane, London, E C 3), at 6 30 p m —Mr X. Maddocks ‘Some 
Aspects of Marine Reactor Security” 


INSTITUTE OF PHYSICS (at 47 Belgrave Square, London, S W 1), at 
530 pm—Mr K G Freeman “Tubes for Colour Television” 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W € 2), at 530 pm — 
Discussion on “Data Handhng Problems ın Atomic Installations", 
opened by Dr D Taylor 


Wednesday, December 16 


POWDER METALLURGY JOINT GROUP OF THE IRON AND STEEL 
INSTITUTE AND THE INSTITUTE OF METALS (in the Hoare Memorial 
Hall, Church House, Great Smith Street, London, 8 W 1) at930a m 
Symposium on “The Powder Metallurgy of Magnetic Materials" 


ROYAL METEOROLOGICAL Sooty (at 49 Cromwell Road, London, 
SWw7),at5pm—Dr H Wexler “Seasonal and other Tempera- 
ture Changes imn the Antarctic Atmosphere", Mr W  Hitechfeld 
“Patterns of Hailstorms in Alberta” 


ROYAL STATISTICAL Socimry (at the London School of Hygiene 
and Tropical Medicme, Keppel Street, Gower Street, London, W C 1), 
at 615 pm—Sir Hugh Beaver, KBE ‘Statistics as a Tool of 
Management” (Presidential Address) 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
Wi1),at 530 pm—Mr A C Hartley “Pipelines” 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdeage Walk, 
‘Westminster, London, 8 W 1), at 6 p m.—Dr 8 G Hooker “The 
Future of Arr Breathing Enginegin Aviation” (James Clayton Lecture) 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, 8 W 1), at 6 p m —Discussion of Research Papers 
recently published by Members of the Group 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W1),at 7 pm —Mr J F Coales “Random 
Inputs and Load Variations” 


Thursday, December I7 


BRITISK COMPUTER SOCIETY, LONDON BRANOH (at the Northampton 
College of Advanced Technology, St John Street, London, E C 1), at 
2 80 p m —Discussion on “Conversion between Analogue and Digital 
Representation" 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
Group (at 14 Belgrave Square, London, S W 1), at 280 pm and 
530 p m —Seientifie Papers 


YNsTIYUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W 1), at b pm — 
Dr A J Robinson “Relationship Between Particle Size and Collector 
Concentration", Mr D Borchers ‘Deepening of No 1 Vertical 
Shaft at Premier (Transvaal) Diamond Mining Co , Lid” 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W 1),at 5 p m —Prof 
E V Schenkman  "Supersolvable Groups” 

INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (at Savoy Place, London, W C 2), at 6 p m —Drscussion on 
“The Presentation of the History and Philosophy of Science", opened 
by Prof H Dingle 


Thursday, December 17—-Friday, December 18 


PRYSICAL SocrETY (1n the Townsend Lecture Theatre, The Clarendon 
Laboratory, Oxford), at 10 a m daily—Conference on ''Eleetron- 
Phonon Interaction 1n. Solids" 


Friday, December 18 


SOCIETY oF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 
Belgrave Square, Loudon, S W 1), at 630 p m —Dr F E Camps 
“Some Aspects of Forensic Scrence” 


Friday, December 18—Saturday, December 19 
BRITISH PSYOHOLOGICAL Society (at University College, Gower 
Street, London, W C 1)-—Conference 
Saturday, December 19 


BIOCHEMICAL SOCIETY (in the Department of Chemical Pathology, 
King’s College Hospital Medical School, Denmark Hill, London, 8 E 5), 
at 10 30 a m —389th Meeting 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on oi 
before the dates mentioned 

ASSISTANT LECTURER or LECTURER IN Paysics—The Secretarv, 
The University, Exeter (December 19) 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF ZOOLOGY 
—The Registrar, The University, Liverpool (December 19) 

SHEPHERD RESEARCH FELLOW IN THE DEPARTMENT OF PATHOLOGY, 
for work on immunological! problems of ocular disease—The Director, 
Department of Pathology, Institute of Ophthalmology (University of 
London), Judd Street, London, W C 1 (December 31) 

SolENTIMO OFFICER (with a good honours degree in botany and 
experience in plant physiological research) IN THE BOTANY DEPART- 
MENT, to work on physiology of growth and yield of the sugar beet, 
particularly on the causes of variation between places and seasons in 
feld crops—'The Secretary, Rothamsted Xxpermmental Station, 
Harpenden, Herts (January 1) 

ASSISTANT LECTURER or LECTURER IN Puysics—The Registrar, 
University College of South Wales and Monmouthshire, Cathay’s 
Park, Cardiff (January 2) 

ASSISTANT LECTURER or LECTURER (with an honours degree or 
equivalent, and preferably experience 1n hydraulics) IN THE DRPART- 
MENT OF FLUID MECHANIOS—The Registrar, The University, Liver- 
pool (January 4) 

LECTURER IN BIBLICAL AROHMOLOGY at the University of Mel- 
bourne, Australia—The Secretary, Association of Universities of the 
x tish es 36 Gordon Square, London, W C 1 (Australia, 

anuary 

RESEARCH FELLOWS (2) IN THE DEPARTMENT OF GEOGRAPHY, 
Research School of Pacific Studies, Australian National University, 
Canberra—The Secretary, Association of Universities of the British 
e DN 36 Gordon Square, London, W C1 (Australia, 

anuary 

RESEARCH FELLOW (with a good knowledge of electronics) IN THE 
DEPARTMENT OF PHYSIOS, to engage in à research programme on 
spark discharges, in association with Prof J M Somerville—Tbe 
Registrar, University of New England, Armidale, N S W , Australia, 
or The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W C 1 (January 9) 

CHAIR OF PHYSIOLOGY in the University of Malaya (Singapore 
Division)-—-The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Woburn Square, London, W C1 (January 15) 

LECTURER or ASSISTANT LECTURER IN PHARMACEUTICS at the 
University of Malaya (Singapore Diviston)-—The Secretary, Inter- 
University Councslfor Higher Education Overseas, 29 Woburn Square, 
London, W C1 (January 15) 

CHAIR OF ÜngMISTRY—The Registrar, University College of Wales, 
Aberystwyth (January 10) 

LECTURER or ASSISTANT LECTURER IN PHYSIOLOGY-—The Registrar, 
University College of South Wales and Monmouthshire, Cathays Park, 
Cardiff (January 16) 

LECTURER/SENIOR LECTURER IN MECHANICAL ENGINEERING at 
the University of Sydney, Austraha—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
WOC1 (Australia, February 2) 

ASSISTANT DIRECTOR OF THE METEOROLOGICAL DEPARTMENT, 
Ghana—The Director of Recruitment, Ghana High Commusmoner’s 
Office, 13 Belgrave Square, London, SW 1 

ASSISTANT LECTURER and DEMONSTRATOR IN  PHYSIOS—The 
Secretary, Queen Elizabeth College (University of London), Campden 
Hil Road, London, W 8 

IRRIGATION OFFICER (with a university degree in agriculture, or a 
science degree with agricultural experience, and traming or experience 
1n 801] physics orirrigation)1n Swaziland, to carry out irrigation experi- 
ments on sugar cane, citrus and other crops, and to take charge of a 
new experimental station—The Director of Recruitment, Colomal 
Office, London, S W 1, quoting Ref BCD 63/76/014/C1 

RESEARCH ASSISTANT (with an honours degree in electrical engineer- 
ing or physics) IN THE DEPARTMENT OF ENGINEERING, for an Investiga- 
tion of certain aspects of the high current vacuum arc—The Secretary, 
The University, Old College, South Bridge, Edinburgh 


REPORTS and other PUBLICATIONS 


(not included vn the monthly Books Supplement) 


Great Britain and Ireland 


University of Birmingham Report of an Enquiry into the Suitabihty 
of the General Certificate of Education Advanced Level Syllabuses in 
Science as a Preparation for Direct Entry into First Degree Courses m 
ihe Five of Science Pp v+212 (Birmingham The Unive 
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IMPACT OF SCIENCE AND TECHNOLOGY ON 
HUMANISM 


N an outstandmg oration, “A Balance Sheet for 

Science and Technology m Europe", delivered 
before the Conference of European University Rectors 
and Vice-Chancellors at Dijon on September 9, Sur Eric 
Ashby examined the proposition that twice m history 
European civilization has been one fabric, and twice 
m history the fabric has been torn, science and 
invention have contributed to its destruction, but m 
science and mvention hes our hope for its repair 
The early fabiic of European society which the 
barbarian mvasions destroyed was, Sir Erie pointed 
out, one m which the constant diffusion of ideas 
produced “a smgularly uniform and cosmopolitan 
eivilization throughout the Roman world from which. 
the local and provincial spirit was strikingly absent" 
Under the impact of these invasions the common 
language decayed, traffic between the centies of 
culture dimimshed, the channels of communication 
between, university and university, erty and city, 
became overgiown and stagnant and Europeans 
became provincial 

When the traffic of ideas agam revived, 1t was not, 
however, a traffic between mstitutions or corporations 
but a traffic between mdividual scholars, and the 
duectmg mfluence was no longer theology or the 
Church, but the New Philosophy and the phenomena 
of Natme In the seventeenth and eighteenth cen- 
turies, science became one of the threads which held 
together the fabric of European civilization A 
traffic which began between mdrviduals became con- 
sohdated ın the interchange of publications between 
scientific societies and academies, and m the nine- 
teenth century science became established im the 
universities, and the universities began to regain 
their lost prestige m European life and have once 
again become centres of high intellectual energy in 
Europe Sw Eric rightly stressed the importance of 
then mtercommunications, and especially of those 
channels of communication which he in science 

Turning to consider the balance sheet of science m 
Europe, Sir Eric rejected the view that science is the 
prime cause of the fear which over-shadowed con- 
temporary life, that science ean be held responsible 
for destroymg craftsmanship and cheapenung taste, 
or that mass production and mass communication 
have made Europe decadent and vulgar Mankind, 
he reminded his audience, has always lived in fear, 
and it ıs only the sophisticated who suffer from a 
sense of doom Agam, while science and invention 
have changed standards for the rank and file of Euro- 
peans, the new standards have practically all been 
improvements only the sophisticated show a sense 
of frustration, and that because, while millions are 
happier through the achievements of technology, they 
themselves are no longer able to believe m progress 

From such considerations Sir Eric argued that we 
should not measure the impact of science and mven- 


tion on Europe by the sophisticated standards of 
university professors For the common citizen of 
Europe, science and mvention have neither mereased 
the level of fear nor led to a decay m standards In 
drawing up a balance sheet for science in Europe, 
fear and decadence should not be meluded on the 
debit side 

Nevertheless, there are ambivalent effects. For 
example, improvements in communication have 
proved of dubious benefit Indeed, am travel has 
actually weakened some traditional bonds of under- 
standmg the aeroplane has debased the art of 
diplomacy and m some ways has initiated the 
cohesion of Europe Similarly, m spite of much on 
the credit side, the effects of mass media have a 
heavy debit too 

On the credit side of the balance sheet for science 
m Europe, Sir Erie put first the new mterdependence 
which unites the scientific laboratories of Europe as 
closely as the cathedrals and priories and abbeys of 
medieval Europe were united The clear and undis- 
puted benefit which science confers on Europe, and 
indeed on the whole hterate world, is that 1t deals in 
universals Secondly he put a common faith in 
science which 1s shared by thousands of Europeans, 
and which could become a foundation from which 
they can explore and understand thew differences 
The scientists, moreover, are united not only by a 
common faith but also by obligations to a common 
faith Thirdly, Sir Erie put the destruction by the 
scientific revolution of what he called the tyranny of 
dogmatic truth, and 1ts replacement by a formula for 
tolerating error m others Truth 1s now tentative, not 
final and revealed, and ıt 1s an mtegral part of the 
scientific tradition that this formula does not permit 
a man to tolerate what he has come to see are errors 
in his own thinking , 16 permits hum only to tolerate 
what he beheves to be errors m the thinking of his 
colleagues 

There ıs indeed substance m Sm Ere Ashby's 
contention that if there 1s to be cohesion m Europe, 
nothing is more necessary than a formula for toler- 
ating error, nor does he exaggerate when he mam- 
tains that the scientists and other scholars of Europe 
comprise a coherent group preserving them national 
differences but sharmg common beliefs and aspa- 
tions It is a precious asset, too, that universities, 
since they are the chief centies of scholarship m 
Europe, are united by science mto one pan-European 
community Nevertheless, the hope for Europe 
depends upon cohesion among whole populations of 
Europeans, not solely among a handful of university 
teachera, and Sir Eric did well to remind us that, m 
spite of modern universal education, the common 
man, to-day is less in touch with what 1s best and 
most significant m European crvilization than his 
ancestors were five centuries ago 
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Tf science is to make its potential contribution to 
European cohesion, the common man must be helped 
to understand something of the objectivity, the 
humihty and the tentativeness which characterize a 
scientist when he 1s thinking about science This we 
have, 1n spite of the mass media, so far conspicuously 
failed to do, and ın the concluding passage of his 
oration Sw Eric Ashby made several practical sug 
gestions regardmg the interpretation of sciences 
Frequently, he believes, such failure 1s the fault not 
of the mass media as such but of the mterpretation 
itself, which has been 1ll-designed for the purpose to 
be served, and liko others he directed attention to 
the dangers attendant on the immense prestige of 
science even when the work of the scientist 1s not 
understood It must be recognized that science has 
its failures as well as its successes, that ıt too hag its 
limitations, and as a small practical contribution to 
the mterpretation of the values of science to the 
ordimary man, Sir Eric made the sound suggestion that 
much more could be made of the essential part played 
by technicians, craftsmen and mstrument makers 

Here undoubtedly there 1s a Imk between science 
and the non-scientist, and an opportunity to enlist 
the mterest of the man who works with his hands 
and to convince him that he 1s not just a spectator, 
but an essential actor, m the modern scientific age 
Quite apart, moreover, from that possibility, greater 
attention to the place and work of the technician 
and craftsman could have most valuable results in 
othe: ways, for the consequent fuller understanding 
could m turn help the more effective use of scientists 
and technologists themselves and assist m mamn- 
taamng a better balance in trained man-power Such 
considerations should not be overlooked by the 
universities, and 1t 1s to them that Sir Erie Ashby 
turns m particular for more effective mterpretation of 
science to the common man This, he suggests, 18 a 
task for which they should assume greater respons- 
ibility and the execution of which they should study 
intensively He beheves that they have here a unique 
opportunity for influenemg the history of Europe, 
such as has not been theirs sınce the fourteenth 
century Like Sir Solly Zuckerman, he emphasized 
the embarrassmg dependence of the decisions of 
governments on scientists and technologists, many 
of whom are based upon universities If the univer- 
sities were able to mterpret to the common man the 
mvisible forces which are thus shapmg mankind, he 
believed they could make a notable contribution to 
the restoration of the fabric of Europe 

Sir Eric Ashby did not attempt to mdicate further 
how this task should be undertaken, but r5 clearly 
enhances both the regional responsibilities of the 
universities and puts ther extra-mural work m a 
fresh perspective There are implications, too, for 
the use and development of the mass media which 
need urgent exploration , but Sir Eric was careful to 
diselaum any suggestion that science alone would 
solve Europe’s problems Science can help to spread. 
goodwill and tolerance, but m so doing ıt 18 only 
remforemg an older and deeper faith the farth of 
men in mankmd 
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It will be noted that Sm Eric did not suggest that 
this task of interpreting science so that 1b can make 
its full contribution to mternational cohesion 1s solely 
the responsibility of the umiversities, although he 
stressed the uniqueness of ther part Other mstitu- 
tions have also a part to play, and some of the 
opportunities were clearly present mn Dr A T 
Waterman’s mind when he addressed a Conference 
for Executives m Federal Science Agencies at 
Wilhamsburg on September 14 on science and mter- 
national affairs Dr Waterman was primarily con- 
cerned in this address with the manner m which 
international scientific activities are organized, but 
while he stressed the dependence of national security 
and welfare upon science, he also emphasized the 
way in which science itself grows and develops with- 
out reference to national boundaries 

Much of the interest of Dr Waterman’s address 
hes m his account of what the National Science 
Foundation, of which he 1s director, 13 domg to 
foster mternational co-operation in science and the 
interchange of scientific mformation, but, hke Sir 
Eric Ashby, he referred also to the mmportant part 
which the scientific societies and learned bodies them- 
selves have to play Dr Waterman, rerteratmg Di 
L V Berkner's comment that such co-operation 1s 
still very young and is best conducted by scientists 
themselves, pomted out the local character of certam 
kinds of research , and since they arise m a particular 
place m a particular way, the results cannot be 
apphed universally Dr Waterman, however, was 
pleadmg for adequate support for such research from 
other regions, quoting tropical diseases and antarctic 
weather conditions, whereas Sir Erie referred to the 
ecology of alpme vegetation and was illustratmg the 
way m which a narrow definition of the humanities 
could draw a distinction harmful to scholarship 

Nevervheless, Dr Waterman, like Sir Eric Ashby, 
directs attention to the need for greater knowledge 
and better understandimg both on the part of scientists 
and of those who serve them country abroad Lay- 
men in all fields should be much more literate with 
respect to science than in the past, and Dr Waterman, 
urged that universities should be encouraged to 
melude special courses 1n science for non-scientists 
Indeed, much more ıs already bemg done m that 
field m the United States than would appear from 
Dr Waterman’s remarks, and both the National 
Science Foundation and the Science Adviser to the 
Secretary of State have been active in that field 

Even closer to the trend of Sir Eme Ashby's 
oration 1s the fifth Dunn Memorial Lecture delivered 
before the Society of Chemical Industry by Sr 
Alexander Fleck last May Openmg with a tiibute 
to Dr J T Dunn as scientist and humanist, whose 
hfe worthily 1eflected that great concept of humanism 
which is one of the glories of our Roman heritage, 
Su Alexander expounded his view of science and 
humanism as a background to citizenship Like 
Sa Ene Ashby, he protested agamst a narrow 
definition or conception of humanism, and wged 
that the humanities must include the great peaks of 
imagination of the human mund, even if, like the 
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“Principia” and “The Origin of Species”, them 
subject-matter belonged to science While science 
itself 1s concerned mainly with fields external to man, 
Sn Alexander rejected the idea that scientists tend 
to be both lacking m humanrty and meapable of 
appreciating the humanities 

Sir Alexander quoted Ennsteim's assertion, ''Con- 
cern with man and his fate must always be the chief 
aim of scientists" , but although he obviously shares 
the same comprehensive view of science as Sur Eric 
Ashby, he did not elaborate on how such a scholarly 
and objective study of Nature, meluding man and 
his works, could become a new cement of exvilization 
He sought rather to show how the relevance of 
science and humanism to citizenship could find 
expression ın practical ways The scientist, he 
observed, cannot contract out of an imterest m 
human affairs Neither scientist nor humanist, if 
versed only m his narrow specialized subject, could 
expect to see the significance of his work in the 
widest human context 

Such practical contributions as Sir Alexander 
described clearly have ther own mdirect contribution 
to make to the interpretation of science to the 
ordinary citizen m the sense indicated by Sm Ene 
Ashby Moreover, in its turn the task of interpreta- 
tion, and perhaps especially that part of ıt to which 
Sir Eric summons the universities, has its own prac- 
tical impheations in another way Both Lord Weeks, 
speaking as ‘special visitor’ at the Imperial College 
of Science and Technology on October 22, and Mr 
H Wilmot, m his fifth Elborne Memorial Lecture to 
the British Institute of Management on October 30, 
have recently spoken of the demands made to-day 
for leadership, and the way m which the universities 
can help to meet that need 

Lord Weeks, for example, referred to the mtangible 
qualities of mind and personality requned to make à 
man acceptable as a leader, to the call for high 
intellectual capacity and wide vision as well as for 
the capacity to understand the latest advances and 
discoveries of science and technology Mi Wilmot 
formulated even more precisely the nature of the 
demands made to-day upon those who carry the 
1esponsibilty of positions of high authority im 
industry and commerce, and indicated how the 
universities would mecreasingly be expected to help 
provide a contmuous supply of those capable ultim- 
ately of fillmg such office More specifically, Lord 
Weeks indicated the implications for our educational 
system of a demand for leaders with such breadth 
of learnmg without imeurrmg a debasement of 
standards 

Lord Weeks was confident that the Imperial College 
and other universities and colleges of Great Britam 
can meet this demand , but clearly this 1s a task to 
which further thought must be given Our concep- 
tions of both science and humanism must be sound, 
and every effort must be made to close that dangerous 
cultural gap of which Sir Charles Snow has given 
emphatic warnmg Moreover, in the measure m 
which the universities are the better equipped to 
provide leaders of umagination of vision and char- 
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acter as well as of mtellectual ability and technical 
skill, they may find 1t the easier to discharge the 
responsibility for the interpretation of science to the 
common man However that function may be best 
fulfilled by the universities, whether directly or 
indirectly, whatever new techniques may be applied, 
however hmited or generous a view 1s taken of extra- 
mural or regional responsibility, a university can 
scarcely address itself to the task at all unless, within 
its own walls, the gap is closed, and science has 
demonstrated 1ts cohesive power and ıs already 
binding together a community of scientists and other 
scholars 


MAN-MADE DRUGS 


May's Chemistry of Synthetic Drugs 

Revised and rewritten by Dr G Malcolm Dyson, in 
consultation with Dr Percy May Fifth edition 
Pp vu+678 (London  Longmans, Green and Co, 
Ltd, 1959) 110s net 


URING the twenty years that have passed since 
the last edition of this book our knowledge of 
synthetic drugs has mereased out of all recognition, 
particularly in the fields of the antibiotics, anti- 
malarials and sulphonamides, where work was 
stumulated by ther military importance 
This has necessitated the re-writing of the whole 
book In domg so, the authors have rightly decided 
to classify the drugs according to them biological 
activity rather than by ther chenneal structure 
Though the high standard set by the sensible 
and well-balanced views on structure and activity 
relationships expressed ın the early chapters is mam- 
tamed throughout, ıt 1s & pity that the reader 1s not 
brought quite up to date The historical background 
to the various sections 18 excellent and useful, but 
some of the more recent work 1s not meluded This 
point ıs well brought out by a study of the references 
In ‘Metabolism of Drugs” (Chapter 2) the latest 
reference 1s Dittmer and du Vigneaud (1947), while, 
with the remarkable exception of Borrisov (1994) 
(sic), the most recent reference cited m the dis- 
cussions on structure and activity is dated 1945 
Seventeen of the forty references at the end of this 
latter chapter were published in the past century 
This fact ın no way detracts fiom the authors’ 
treatment of the subject but serves to illustrate the 
need for a book of this kind to be written by a panel 
of authors, each able to give a really up-to-date 
account of his own particular field Many of the 
omussions are possibly due to the same cause No 
mention is made of mothyl pentynol m the chapter 
“Sedatives and Hypnoties”, or of the oral hypo- 
glycemic agents—for example, sulphonyl ureas, ox 
the oral diuretic chlorothiazide 
The section dealing with penicillin contams some 
serious errors On p 611, the acid hydrolysis of 
penieilmn is said to produce penieillie acid, mstead of 
penihe acid Penicillic acid is correctly described 
elsewhere m the same chapter In the description of 
the synthesis of penicillin V on p 615 the yield for 
the cyclization of the B-lactam rmg is quoted as 
75 per cent The actual figure should be 10-12 pe 
cent 75 per cent 1s the yield for the removal of the 
t-butyl group m the previous stage No mention is 
made of the important property of acid-stabilty 
exhibited by peniedlhn V That “it is not known 
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whether valme, cysteme and phenylacetie acid are 
biochemical precursors of penieilin" is not true m 
the light of the work by Dr Arnstem and his col- 
laborators 

In spite of these mmor criticisms, the book 1s well 
laid out and well printed Workers m the field of 
synthetic drugs will sympathize with the authors’ 
problem of how to deal with the many trivial names 
of a single drug Though perhaps not brmgmg the 
reader quite as up to date with the subject as he 
might wish, this book will, nevertheless, prove m- 
valuable as a reference work to those mterested m 
the chemistry and activity of synthetic drugs 

F R BATCHELOR 


MICROBES ON THE MOVE 


Biochemical Engineering 

Umt Processes m Fermentation Edited by Dr R 
Steel Pp 328 (London Heywood and Co, Ltd, 
1958) 50s net 


Progress in Industrial Microbiology 


Vol 1 Edited by Dr D J D Hockenhull Pp 
vii4-248 (London Heywood and Co, Lid, 1959) 
50s. net 


INCE the advent of the commercial production of 
antibioties in the 1940’s, the application of miero- 
organisms to industrial purposes has been given a 
new stimulus, which has more than compensated for 
the declmmg importance of fermentation processes 
for the production of such materials as alcohol, 
acetone and butanol under the ımpact of the petro- 
chemicals mdustry. 

These two publications represent the first attempt 
m Great Brrtam to collect within a reasonable com- 
pass some of the vast store of mformation m this 
field As such they will be welcomed by all whose 
pre-occupation, with a particular aspect lumts ther 
view of the horizon. 

Steel’s book ıs based on a series of lectures given 
m Manchester m 1957 by a panel of speakers, who, 
for the most part, have considerable experience in 
research or im the industrial appheations of miero- 
biology Its scope 1s limited essentially to the fer- 
mentation industries, which cover only part of the 
activities of the biochemical or biological engmeer 
This ıs clearly seen by comparing the coverage of 
this volume with the topics mentioned m the intro- 
ductory chapter on “The Scope of Biochemical 
Engineermg” Only one chapter 1s contributed by 
chemical engmeers practismg im this field, and thus 1s 
concerned largely with mechanical engmeering design 
Its trtle 1s, therefore, a misnomer Nevertheless, ıb 
provides an introduction to & field m which chemical 
engineers are likely to be inereaemgly involved 
Indeed, is very limitations should act as a stimulus 
to a more forthright chemical engmeermg approach 
The book will also serve to give those entermg this 
field some notion of the problems and approach of 
the biochemist and biologist, and of the multifarious 
activities of the ubiquitous microbe 

The second book, from the same publisher, 1s the 
first volume in what promises to be & valuable serres 
The topies chosen represent a good balance between 
the more academie approach of the ‘pure’ muero- 
biologist and biochemist on one hand, and the 
needs of miciobiological technology on the other 
The balance ıs mamtamed in the chapters on the 
tetracyclines, microbial fat and riboflavin synthesis 
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The editor himself contributes an authoritative review 
of the influence of the constituents of the medium on 
the biosynthesis of penicillin, and pays a well-deserved 
tribute to Dr Busset for his “lucid and beautifully 
illustrated article” on the saprophytic Actinomycetes 
Finally, an article on microbiological assay not only 
surveys the common laboratory techniques but also 
includes a section on statistical analysis, showmg 
clearly the mfluence of this approach m the actual 
operation of the assay laboratory The standard set 
by this volume, and the list of topics mentioned for 
review in forthcommg volumes, should ensure a wide 
and continumg imterest m the series 
N BraAKEBROUGH 
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THE PERIODIC LAW 


Periodic Law 

By D I Mendeleieff Edited by B. M  Kedrov 
Pp 830 (Russian text) (Moscow Acad Sc 
USSR, 1958) 33r 


HIS valuable and substantial volume contamimg 
Mendeleieff's publications relative to the Periodic 

Law represents & publication quite mdependent from 
Mendeleieff's “Scientific Archives" reviewed m these 
columns in 1955 (Nature, 176, 965, 1955), the first 
volume of which was published ın 1953, while the 
second and the third volumes remain as yet unpub- 
lished The present volume belongs to the series 
“Classics of Science” and 1s apparently entirely due to 
the initiative and Jabour of B M Kedrov, assisted 
by the late T N Chentzova 

The first section of the book contains reprints of 
fifteen “Prmeipal Articles" by Mendeleieff relatmg 
to the Periodic Law Actually the first item of this 
collection 1s not an article at all but a copy of the first 
issue of the Periodic Table (March 1, 1869) Besides 
this copy the book contains a large number of photo- 
graphic and printed reproductions of different variants 
of the Periodic Table 

The second item m this collection 1s the first article 
of Mendeleieff dealing with the Periodic Law published 
m the Journal of the Russian Chemical Socrety 
(1, pp 60-77, 1869) This 1s followed by a number of 
shorter articles and then by the Russian text of the 
German article entitled. ““Die periodische Gesetzmas- 
sigkert der chemischen Elemente" pubhshed m 
Inebigs Annalen, 1871, Supp VIII, Heft 2, pp 133- 
220 Extracts from this article were published by 
W Crooks m the quarterly Journal of Scwence, No 55, 
(1877), and a full translation m the Chemical News, 40 
(1879), and 41 (1880) Accordmg to Mendeleueff 
himself, this article presented ''the best summary of 
my views and arguments on the periodicity of the 
elements and was the mam text used for the numerous 
comments on this system This article was the main 
cause of my renown as a scientist’ Short papers on 
peroxides follow with others on the atome weight of 
yttrium, the cerium group of metals, gallium and the 
rare metals Number thirteen is the Russian text 
of the Faraday Lecture entitled “The Periodic Law 
of the Chemical Elements” The lecture was delivered 
by Mendeleieff on May 23/June 4, 1889, before 
the Chemical Society in London (J Chem Soc, 55, 
634, 1889) The remaining items are an article from 
the Russian Encyclopedia of 1898, and an extract 
from the “Prme:ples of Chemistry”, 1906 edition 

The section entitled “Additions” contaims a miscel- 
laneous collection of Mendeleieff’s articles of lesser 
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importance, notes, letters and extracts from books, 
all of them related to the Periodic Law The items in 
this section are arranged m groups labelled A to J 
Briefly ther contents are (A) collection of periodic 
tables and other tables of various dates (1869-1906) 
as they appeared in the successive editions of the 
“Principles of Chemistry" , (B) extract from the first 
edition of the “Principles” (1870-71), (O) a group of 
three articles, one from Le Moniteur Sownhfique, 
9, 691 (1879), and two fiom Berichte d chem Ges, 
4, 348 (1879) and 13, 1796 (1880), dealmg with the 
history of the Periodic Law and the controversy 
with Lothar Meyer, (D), (E) and (F') are muscellane- 
ous extracts, (G) extracts relating to the discovery 
of the mert gases and radioactivity (1895-1905) , 
(A) a collection of various items including the Russian 
text of the lecture read on May 19 and 31, 1889, at 
the Royal Institution in London, and entitled “An 
Attempt to apply to Chemustry one of the Principles 
of Newton’s Natural Philosophy” (Chemical News, 
40 (1889), (I) miscellaneous extracts, (J) extracts 
from Mendelei:eff's earher works (1855-61) relatmg 
to the preparatory work m connexion with the future 
discovery of the Periodic Law 

The last section of the book 1s entitled ''Supple- 
ments” (pp 675-825) It contains a varied assem- 
blage of very valuable editorial notes, commentaries, 
bibliographical and biographical data, two coloured 
reproductions of Mendeleieff's portrait and a very 
interesting article by B M Kedrov, “The Periodic 
Law of Mendeleieff and the World's Science” 

S I TowxxrgEF 


No 4699 


X-RAY POWDER METHODS 


The Powder Method in X-ray Crystallography 
By Prof Leonid V  Azároff and Prof Martm J 
Buerger. Pp xv+342 (London McGraw-Hill 
Publishing Company, Ltd , 1958) 68s 

HE appearance of this authoritative work on 

the X-ray powder method 1s very welcome It 
is more compact than some other works that have 
been produced recently, but 1s nevertheless exhaustive 
enough for most research workers, and the extensive 
references give ample guidance for futher readmg 

The exposition of basic ideas bears the clear mark 
of experienced and thorough teaching, the stress 
laid upon the reflexion concept in Bragg’s treatment 
of X-ray diffraction is particularly noteworthy since 
so many text-books gloss over this rmportant pomt 
The book also contams ample experimental detail 
and advice on various techniques to help both the 
beginner and the more experienced student The 
section on interpretation and mdexmg 1s particularly 
ood 

? The only adverse criticism that might be made 1s 
that the book tends to lay down American practice as 
final and complete Thero are several pomts m which 
practice differs from that in Great Britam, and 
the American practice is not always as logical 
as it 1s made to appear m this book For example, 
cameras in Bntam are 9 and 19 cm in diameter, 
m the United States they are 57 and 114 cm 
Although there ıs some arbitrarmess in the former 
figures, they wero designed to give films just less 
than 30 em 1n length smce comparators of 30 cm 
wore readily available The American radu give a 
simple number of nulhmetres per degree, but the 
reviewer has never met anyone who makes use of 
this property for rough work one uses d scales 


NATURE 


1599 


directly, and for accurate work film shrmkage must 
be allowed for 

Secondly, the Americans use the Straumanis design 
because the camera does not need to be calibrated 
But this design 1s rather awkward, and the calibration 
of cameras 18 not particularly difficult Certamly the 
Straumanis design does not lead to higher accuracy , 
the authors claim 2-4 parts m 10° as a luni, but 
Bradley and Jay were achieving this accuracy 1n 1932 

Thirdly, the Americans make considerable use of 
accurately fittmg slides, whereas British cameras use 
kmematic supports Consequently, the former need 
individual supports for each camera, whereas kine- 
matic design allows for much more flexibility 

These pomts, however, merely mdicate that the 
subject ıs a living one, m which there are still many 
points of divergence between different practitioners 
The book can be thoroughly recommended 

H Lipson 


GLOVE BOXES AND SHIELDED 
CELLS 


Glove Boxes and Shielded Cells for Handling Radio- 
active Materials 
A Record of the Proceedings of the Symposium on 
Glove Box Design and Operation held ın the Cockcroft 
Hal, AERE, Harwell, February 19-21, 1957 
Edited by G N Walton (Sponsored by The United 
Kingdom Atomic Energy Authority, Harwell) Pp. 
xu+515 (London Butterworths Scientific Publica- 
tions, New York Academic Press, Inc, 1958) 
95s , 16 80 dollars 


S one of the authors remarks, one of the most 
difficult problems faemg the worker with radio- 
active materials 1s to decide what degree of protection 
18 appropriate to his particular circumstances The 
mtroductory chapters of this book provide useful 
basic data and discussions of principles, which should 
be helpful in. determuung a logical and realistic policy 
for the use of glove boxes The fundamenta] require- 
ments of radiological protection have not changed 
appreciably smce this Conference was held m 1957, 
but the reader should bear m mind that contiols have 
tended to become more stringent meanwhile, partı- 
cularly in the higher ranges of activities 
For alpha emitters and the more toxic isotopes 
generally, complete contamment of the material in a 
glove box or similar enclosure 1s essential The major- 
ity of the papers m this symposium are concerned. 
with this aspect, and together they form an extensive 
review of practice which 1s now fairly well established. 
Many aspects of design are covered by contributors 
with first-hand experience of them, such as materiais 
for construction, radioactive decontamunstion, filter- 
ing systems and the use of mert atmospheres The 
papers are mainly drawn from experience withm the 
UK Atomic Energy Authority, but there are also 
some excellent reviews of practice m the United States 
and other countries The techniques described here 
are for use with radioactive materials, but they may 
also be of mterest 1n connexion with other work where 
eritical control of environment is necessary, as in 
dust-free or aseptic procedures 
For isotopes which emit penetratmg radiations 
the operations become much more complex, as shield- 
mg must be superrmposed on the requirement of 
contamment. The choice of system, whether it 
should be tongs m shelded boxes or manipulators m 


1600 


cells, 1s eorrespondingly more difficult The second 
part of the book ıs concerned with such problems, 
and 15 contams a lot of useful data for design as well 
as practical experience in dealing with highly active 
materials up to the 1,000 MeV curie level It refers 
particularly to work with fission products and 
irradiated metallurgical specrmens This part is 
necessarily rather less satisfactory than the first, 
because these techniques are at present developmg 
more rapidly than those for handing alpha 
emitters 

The book 1s well produced, and one appreciates 
the heavy task of the editors and publishers in 
attamung this result Nevertheless, there 1s much to 
be said m favour of adopting a simpler, cheaper and 
quicker form of publication for the proceedings of 
symposia such as this one 


MATRIX ALGEBRA IN 
STRUCTURAL ANALYSIS 


Linear Structural Analysis 

An Introduction to the Influence Coefficient Method 
apphed to Statically Indeterminate Structures By 
Prof P B Morce Pp xu--170 (London Thames 
and Hudson, Ltd , 1959) 35s net 


NE of the most important advances 1n the theory 
of elastic structures during the past few years 
has been the development of matrix methods of 
analysis This work has been considerably stimulated 
by the advent of automatic digital computers, since 
these machmes are very well suited to the manipula- 
tion, of large matrices 
Methods of structural analysis may be divided mto 
two groups The first, often termed ‘equilibrium’ or 
‘stiffness’ methods, consider jomt displacements as 
the basic unknowns, and proceed by settmg up and 
solving the equations of jomt equilibrium The second 
group, known as ‘compatibility’ or ‘flexibility’ 
methods, attack the problem ın terms of the redundant 
forces and moments m a structure, determmung these 
by equations of displacement compatibility 
Prof P B Morice’s book 1s entirely devoted to the 
second of these two approaches He commences by 
discussmg general energy theorems, influence co- 
efficients and indetermmacy The treatment of the 
latter subject follows recent work by Henderson and 
is extremely thorough Tho central section of the 
book presents a short account of matrix algebra and 
the associated numerical techniques, described from 
the pomt of view of a human computer using a desk 
calculating machine After this the flexibility co- 
efficient method of analysis is presented m matrix 
notation, with examples of 1ts use ın particular cases 
The book concludes with a brief account of the way 
an which matrix work can be carried out on a Pegasus 
computer 
The development of matrix methods of structural 
analysis 18 by no means complete, and the theoretician 
will doubtless find that many of the ideas presented 
in. this book are capable of further generalization and 
extension Although the conciseness and generality 
of matrix notation are well displayed, there are 
several places where unusual symbols (such as x and 
n for force vectors) make the text more difficult than 
15b might have been for a newcomer to the subject 
There are also a few misprints which suggest rather 
hurried proof reading 
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From the short title on the cover, and various 
paragraphs in the preface and introduetion, the 
reader with & limited knowledge of structural analysis 
might well assume that the best, if not the only, way 
of using matrices 1n structural analysis was by means 
of the flexibility methods described in this book 
The book would have been a very much more valu- 
able one if 16 had contamed a parallel account of the 
equally important stiffness methods of analysis, with 
demonstrations of the relatrve merits of the two 
approaches m a number of examples 

R K LivEsLEY 
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THE GEOLOGICAL DEVELOPMENT 
OF NORTH AMERICA 


The Evolution of North America 

By Dr Philip B King Pp xvu+190 (Princeton, 
NJ  Prmceton University Press, London Oxford 
University Press, 1959 ) 60s net 


HE pubheation of a book which collates and 
interprets the considerable number of available 
facts coneeinmg the regional geology of North 
America can be expected to be a notable event when 
the author has the background of Dr P B King, 
with wide and long experience m the United States 
Geological Survey-and mterests covermg tectonics, 
stratigraphy and physical geology The story of the 
growth of the northern part of the American con- 
tinent i8 not treated chronologically but regionally, 
with emphasis on selected areas of the United States 
Although the book arises from lectures to graduates, 
the author explams that 1b 1s not a text-book in the 
usual sense, prommence is given, however, to 
‘Reference Material’, a list of maps and books, which 
receives precedence over ‘Contents’ and 1s supple- 
mented by ‘References’ (which are not referred to 
m the body of the text) at the end of each chapter 
After an mtroductory chapter addressed maunly 
to the layman, the Canadian Shield is treated in 
broad outline When he turns to consider the Interior 
Lowlands, Dr King 1s able to draw on his personal 
experience of field work in the West Texas Basin, 
and m the chapter on the Appalachians his close 
acquaintance with the complexities is evident 
Valuable comments on geosynclines and the growth 
of the Appalachians, stemming from earher pub- 
heations by the author, are followed by examination 
of modern analogues of geosynclines around the Gulf 
of Mexico and the Caribbean, The second half of the 
book examines the mountam chains and mtermontane 
regions in the west, largely in the United States 
The complex subdivisions of this belt are clearly 
outlined and interesting notes and anecdotes con- 
cernmg its exploration are meluded 
The geological maps and sections are admurably 
executed, and the sketches by Trudy King above 
chapter headmgs add a pleasmg touch The typo- 
graphy can only be errticized m details , sub-headings 
tend to become obscured m the text and the lst of 
contents (pp xi-xiv) suffers from lack of variation 
m fount and msufficient indentation of sub-headings 
Dr King succeeds, with a fresh and stimulating 
approach, ın outlming a great deal of the structural 
framework of North America but is only partially 
successful ın fulfilling the promise mpled by his 
title with respect to historical geology 
J W Cowrm 
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Advances in Electronics and Electron Physics 

Vol 10 Edited by L Marton, assisted by Claire 
Marton Pp x+320 (New York Academic Press, 
Ine , London Academie Books, Ltd, 1958) 
10 dollars 


DIVERSITY of subjects has always been a 
feature of previous volumes of the series of 
reports on “Advances m Electromes and Electron 
Physics” (the last three words havmg been added 
after Vol 5) Papers on physical effects and on the 
preparation and properties of materials have been 
fieely intermingled with others describing the methods 
of designing, makmg and usmg devices and with 
theoretical analyses The tenth volume 1s no excep- 
tion, indeed, the diversity may be thought to be 
excessive Thus, the paper on the logical organization 
of computers, well witten though without recourse 
to a single diagram or mathematical: expression, 18 
pethaps too remote fiom another which analyses 
electron flow in magnetically focused cylindrical 
beams and which 1s unlikely to attract the attention 
of anyone not engaged m designmg or using micro- 
wave valves Three papers should be widely approved 
The first deals with defects m crystals of semi- 
conductors with the diamond lattice, a subject which 
has benefited from the availability of large crystals 
of germanium and silicon The second shows how 
mucro-wave engmeers have adapted, and can still 
further adapt, techniques from optics The third 
describes recent progress with the design of cathode 
ray oscilloscopes (Is this the one remaming use of the 
words ‘cathode ray’) Partly because their early 
role of presenting recurrent wave forms has long 
been extended to transient phenomena, and they are 
easy to use, these flexible instruments are now found 
in almost all branches of science, and a few of the 
arts, and ther design, capabilities and hrmtations 
deserve the widest recognition The srxth paper, on 
the rehabihty of valves, can for the most part be 
appreciated only by valve engmeers, but the sections 
dealing with reasons for failure and action to improve 
hfe are of more general interest J R TLMAN 
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Second Symposium on Coal Preparation, Depart- 
ment of Mining, University of Leeds 

21st to 25th October, 1957 Pp xn+513 (Leeds 

The University, 1959 — Distributed by the Coal 

Preparation Plant Association, 301 Glossop Road, 

Sheffield 10) 20s 


OAL preparation may be regarded as a collective 
C term for those processes, meinly physical and 
mechanıcal, to which coal may be subjected m order 
to make ıb suitable for specific use These processes 
melude hand cleanmg, hand selection, blending, 
screening, breaking, crushing, pulverizing, wet clean- 
mg, dry cleanmg, de-dusting, dust proofing, drying, 
de-watering, froth flotation and briquettmg Aspects 
of several of these processes were discussed at a 
Symposium held at the University of Leeds, the 
proceedings of which contam eighteen papers, & 
detailed record of the discussions on each paper and 
summaries of rapporteurs on each of the four 
groups of subjects m which the papers may be 
classified i 

The subjects dealt wıth range from trends ın the 
pattern of coal preparation to traffic control and 
wagon marshallmg at collery and coal preparation 
sidmgs, and include sie distribution equations, 
sampling, problems of moisture and moisture reten- 
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tion in coals, aspects of certain processes—4ncluding 
dense-medium cleanmg and stratification in pg 
washers, principles and practice of froth flotation, 
washery water, testing and performance of coal 
preparation plants, and briquettmg 

There is a balanced combmation between the 
various papers of basic prmezrples, research and 
industrial practice The publication 1s a valuable 
addition to the literature of coal preparation 

S G Warp 


A History of Western Technology 

By Friedrich Klomm ‘Translated from the German 

by Dorothea Waley Singer Pp 401+24 plates 

Sate George Allen and Unwin, Ltd, 1959) 
S net 


HIS 1s a book of much mterest, but its title 1s 
misleading It is m fact an anthology consistmg 

of 219 passages on technological topics selected from 
contemporary writings Since mventors and engineers 
have not always written about them work or writers 
concerned themselves with contemporary technologi- 
cal developments, a history based solely on origmal 
writings must appear somewhat defective and 
unbalanced The compiler, who 1s the hbranan of the 
Deutsches Museum, Munich, has therefore attempted 
to give a continuous account by supplymg connecting 
passages and an mtroduction to each chapter 

The extracts are chosen with the view of depicting 
the atmosphere m which technological advance took 
place iather than describing the technology itself 
Owing to the lack of earlier material the story only 
begms with ancient Greece , and, on the other hand, 
the treatment of the past hundred years 1s very selec- 
tive and brief 

The reader ıs offered much interesting material 
which he may not know of or trouble to translate for 
himself Thus there 1s Filarete's description of a 
visit to an ironworks m 1464, the extracts from the 
proceedings of the Nuremberg Council m relation to 
the inconvenient mventiveness of two of the red-metal 
turners living there m the second half of the sixteenth 
century, and the observations of Fischer, Schinkel, 
Beuth, and Harkort, German visitors to Britam in 
the nmeteenth century The book is well illustrated 
with 59 line drawmgs and 24 half-tones 

K R GIBERT 


Principles of Geochemistry 

By Prof Brian Mason Second edition. Pp vind 
310 (New York: John Wiley and Sons, Ino , 
London Chapman and Hall, Lid, 1958) 68s net 


HE second edition of this excellent introduction 
to geochemustry follows the same general lines as 
the first, but although no major changes have been 
made, changes in detail are numerous Many of the 
data im the first edition have been replaced where 
possible by the more reliable figures that have 
become available durmg the past sıx years, and 
results of recent work have been moeorporated in the 
text The number of tables and text-figures has been 
increased and the bibliographies at the end of each 
chapter have been revised and brought up to date A 
new and welcome feature 1s the mtroduction of two 
appendixes, one giving atomic weights, atomic 
numbers and iome radn of the elements, the other 
giving a geological time-scale 
This is a useful text-book for students, and it is 
unfortunate that the price has had to be increased 
to such an extent S R NockoLps 


1602 


NATURE 


Vor 164 


November 21, 1959 


THE BOTANIC GARDENS, SINGAPORE, 1859-1959 


By H M. BURKILL 


Director, Botanic Gardens, Singapore 


N this year of significance m the political history 

of Singapore, the Botamic Gardens at Smgapore 
celebrate the centenary of ther foundmg Cen- 
tenaries are m the air and they are m good company 
them elder sister at Kew has just observed a bı- 
centenary, Kuala Lumpur, the capital city of the 
Federation of Malaya, m which and for which 
territory these Gardens have done so much of their 
work, has this year attamed its century, and, if one 
might stretch a biological association, so has the 
Guinness Biewery 

The present Gardens are the last of three The 
first were set up by Sw Stamford Raffles in 1822, 
when the East India Company settlement was but 
three years old These lasted until 1829 when, on a 
false notion of economy, they were abandoned They 
were resuscitated m 1836 by an Agri-horticultural 
Society which ran them until 1846 In 1859 another 
Agri-horticultural Society with official blessmg took 
possession of land which 1s now & part of the present 
Gardens 

The mtention behind all these Gardens was to 
foster and encourage the agriculture of the fast- 
expanding Colony ‘The first Gardens mtroduced and 
grew possible economic crops, but chiefly nutmegs, 
cloves and cacao The second Gardens managed to 
zecoup its expenses on the sales of nutmegs and 
cloves Though the mtention of the 1859 Agrı- 
horticultural Society was also to give encouragement 
to local agriculture, it set about first creatmg a 
pleasure garden Perhaps this was an economie 
necessity m order to attract membership, for member- 
ship carried privileges After the pleasure garden got 
under way, the supermtendent, Lawrence Niven, 
who designed and carried out the landscapmg, was 
able to turn his attention to growmg fruit, vegetables 
and flowers for distribution to members 

The Society soon found itself in financial diffi- 
culties, and bit by bit Government assistance became 
a bigger item im its budget In 1869, at the mvitation 
of the Committee, the Government appomted a 
representative to the Committee and mereased rts con- 
tribution on condition the Society exhibited hvmg 
specimens of economic plants In order to add 
popular attraction, a zoo was established in the 
Gardens at this tıme, which lasted until 1905 Finally, 
m 1874 the Committee requested the Government to 
take over the Society’s assets and habuilities and to 
run the Gardens out of public funds The Govern- 
ment agreed, and from January 1, 1875, to this day 
the Gardens have been an official department 

This change imm management brought with i5 a 
change m purpose The Government sought to 
broaden the scope of work to melude a study of the 
fora of the Malay Penmsula, and mstructed the 
commuttee of management to obtain the services of 
a botanist who was also a practical man Henry 
James Murton was engaged and arrived m Smgapore 
m 1875 In the five years he was supermtendent, 


until 1880, when he was dismissed for neglect of 
duties, he achieved much, but mamly what intei- 
ested him He greatly extended the range of plants 
grown in the Gardens, he corresponded and ex- 
changed with other Gardens, he travelled in the 
Malay Penmsula and began a herbarium, he 
drafted m manuscript a Flora of Smgapore Perhaps 
the most significant of his works was his handling of 
the first Hevea seedlings to be established m Smga- 
pore and Malaya m 1877, the progeny of which m 
very large measure have stocked the plantations of 
south-east Asia Ho also established many other 
plants of possible economic importance, and m 1879 
he began plantmg in the land to the north of the 
Gardens, later known as the Economic Garden and 
now part of the grounds of the University of Malaya 

Nathaniel Cantley followed Murton, arriving in 
Smgapore m 1880, but he soon became sick and 
his subordinate, Walter Fox, was left m charge, as 
he was during the mterim between Murton's depa- 
ture and Cantley’s arrival Cantley returned in 1881, 
and m the next year tho Government commissioned 
hun to survey the forests of the Straits Settlements 
As a result, a Forest Department was formed with 
Cantley as its head and wrth officers m the three 
settlements of Singapore, Penang and Malacca, and 
later m the Dmdings Cantley planted an arboretum 
in the Economic Garden, to have on hand local trees 
To these he added exotics In the Gardens he made 
great changes m layout and arranged the planting 
accordmg to taxonomic classification In 1887 his 
health broke down and he died 

The appomtment of Henry Nicholas Ridley in 
1888 as director marked the openmg of another 
chapter i the history of the Gardens He was a man 
of tremendous energy and capacity for work, and even 
though he had an admirable foundation to build on, 
he pushed the Smgapore Botanic Gardens to the 
forefront of international botany His mterests were 
manifold A brief biography by J W Purseglove 
was published m Nature, 176, 1092 (December 10, 
1955) on the occasion of bis hundredth birthday 
Ridley travelled far and wide in Malaya and m the 
region His collecting was prodigious and he advanced 
the knowledge of the Malayan flora to such an extent 
that when he wrote his “Flora of the Malay Perun- 
sula" (published 1922-25) afte: his retirement, 1 filled 
five thick volumes of 2,948 pages During the earlier 
part of Ridley’s directorship the Gardens continued 
to administer the forests of the Straits Settlements, 
but a separate Forest Department was set up in 
1901 The Gardens work on economic crops grew, 
and agriculture m Malaya developed to such an 
extent that a separate Agricultural Department was 
established m 1904, but the Gardens continued to 
pubhsh an agricultural periodical, begun in 1891, 
until 1912 (Agricultural Bulletin of the Malay 
Penmsula, 1891-1900, Agricultural Bulleten of the 
Strass and Federated Malay States, 1901—12 ) 
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Perhaps the most spectacular work of the Gardens 
during Ridley's time was that on rübber. When 
Ridley arrived he found nine mature trees, some 
fifty which were 2-4 years old, and more than a 
thousand seedlings. Ridley experimented on means 
for their exploitation, persisting even in the face of 
official disapproval. His tapping technique remains 
fundamentally unchanged to this day. The Gardens 
planted Hevea in forest clearings and on waste 
ground, so that when the planting rush came at the 
beginning of this century the Botanic Gardens was 
the only major source of supply of seed. Up to 1917, 
when the Gardens ceased selling seed, more than 
7 million had been distributed. Though Hevea 
holds the limelight, the Botanic Gardens have been 
responsible for the introduction and distribution of 
many other economic crops. 

With, Ridley’s retirement in 1912, Isaac Henry 
Burkill, who had been adviser on economic botany 
to the Government of Bengal, came as director. The 
First World War hampered development and limited 
staff, but interest in plants of economic value was 
maintained. The Agricultural Department naturally 
held the established economie crops within its pur- 
view, but the Gardens continued to be a source of 
supply of many. A list of plant material available 
for sale dated 1916 had 200 species, but the loss of 
the Economie Garden in 1924 for the building of a 
college for higher education meant the end of this 
work. During his directorship, I. H. Burkill travelled 
much, particularly after the war years, and amassed 
a great quantity of data on native uses of plants. 
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He specialized on Dioscorea, native medicines. eulti- 
vated plants and ethnobotany. 

At the end of the First World War, T. F. Chipp 
was appointed assistant director and he extended the 
work of the Department to the Cryptogams (fungi) ; 
but he soon transferred to West Africa. R. E. 
Holttum was appointed to the vacancy in 1922, a 
condition of the appointment being that he should 
study a group of plants different from that covered 
by the director. Holttum began a study of the ferns, 
which he has made a life-work, and now in retire- 
ment he is preparing a monograph of the ferns for 
"Flora Malesiana", à work which will take him 
perhaps ten years to accomplish. 

In 1924 the Gardens benefited by the cessation of 
botanical work at the Perak Museum at Taiping, and 
M. R. Henderson joined the staff as curator of the 
Herbarium. The Perak Museum Herbarium followed 
him to Singapore and was incorporated with the 
Singapore Herbarium in 1926. 

I. H. Burkill retired in 1925 and at once com- 
meneed to write “A Dictionary of the Economie 
Products of the Malay Peninsula", which eventually 
took him ten years to complete. Unfortunately, only 
2,000 copies were printed and it has long been sold 
out. Such is its value to all tropical botanists and 
agviculturists that it is hoped to reprint it. 

With the surrender of the Economic Garden in 
1925, the Botanie Gardens lost its immediate contaet 
with economie agriculture and forestry, and the work 
became more concerned with ecology. taxonomic 
botany and horticulture. In the last field, under the 





Fig. 1. Main office buildings. 
a store and a ‘kitchen’ (a room for dryin. 


The ground floor was built in 1903, and the top floor was added In 1930. 


Left: the end of a building erected between 1883 and 1892, now used to house a part of the Library, 
plant specimens over a fire). Centre: the herbarium, housing some 400,000 specimens. 
Right: administrative office and laboratory, built 1920 
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Gardens from inside the main gate. 


Fig. 2. 


Beds of hybrid cannas flank the road. To the right are collections of bougainvilleas, 


conifers and casuarinas 


directorship of Holttum, a programme of hybridizing 
was begun, particularly with orchids, which has 
continued to this day with undiminished vigour. 
This work has given rise to a thriving orchid nursery 
industry with an increasing export trade and to an 
extremely active band of amateur orchid fanciers 
and breeders throughout Malaya. 

In the botanical field, Holttum worked not only 
on ferns but also on bamboos, gingers and, naturally, 
on orchids. Henderson specialized on the limestone 
flora of Malaya, Myrtaceae and Callophyllum. He 
wrote “Malayan Wild Flowers” in two volumes, 
which was published by the Malayan Nature Society. 
E. J. H. Corner, who joined the staff in 1929, worked 
on fungi, trees and ecology, and especially on the 
genus Ficus. C. X. Furtado, who came in 1923, 
studied palms, aroids and other groups of mono- 
cotyledons. Specialist work of the Botanic Gardens 
was thus well diversified and had in addition the 
benefit of collaborators such as Carr (orchids), Fox- 
worthy (F.M.S. Forest Department, forest trees), 
and many others. This period of increased taxonomic 
study continued up to the outbreak of the Second 
World War and is recorded by a not insubstantial 
run of issues of the Botanic Gardens periodical, T'he 
Gardens’ Bulletin. 

With the restriction of botanical work during 
1942-45, the Botanic Gardens were indeed extremely 
fortunate to have been sent from Japan successively 
Profs. Hidezo Tanakadate, of Tohoku Imperial 
University, and Kwan Koriba, of the Imperial 
University of Kyoto, as director. No loss was 
suffered in the Library or in the Herbarium, thanks 
to their efforts. Holttum, Corner and Furtado were 


retained to work in the Gardens, and it was perhaps 
some compensation that Holttum and Corner, 
relieved of administrative and executive respons- 
ibilities, were able to devote their almost undivided 
attention to revision and preparation of monographs. 
There is no doubt that this break afforded Holttum 
the opportunity which otherwise would not have 
come to him, perhaps until after retirement, to 
prepare draft manuscripts for Vols. 1 (Orchids) and 
2 (Ferns) of the “Revised Flora of Malaya”, which 
were published after the War ; “It is an ill wind...”. 
It is significant that, like Holttum, both Ridley and 
I. H. Burkill completed their major literary works 
after the close of their official careers. 

The post-war years have been marked by shortage 
of staff. This and the state of terrorism in the 
Federation of Malaya have severely limited botanical 
exploration. But now more extensive field-work is 
possible. Greater use is being made of subordinate 
staff on plant-collecting assignments. Trained 
Malayan personnel for appointment in both the 
botanical and horticultural sections of the Gardens 
is now available, and there is prospect for regaining 
a full establishment. This is essential so that the 
Department may add its vital contribution to the 
economic development of Malaya and the region. 
The field is immense. Current estimates for the 
compilation of “Flora Malesiana", in which project 
the Botanic Gardens is a major collaborator, run 
into decades. ‘The achievements of the Gardens’ 
first century have been impressive, but the field for 
the second century paradoxically is increasing. The 
more we learn, the more we find we have yet to 
learn. 
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INTERNATIONAL OCEANOGRAPHIC CONGRESS 


I. spite of the increaemg application of scientific 
discoveries to development of weapons and to 
enhance national prestige, we can still mamtain that 
science 1s one of the most mternational of mtellectual 
activities, and hold that anythmg we can do to pro- 
mote co-operation is likely to contribute to better 
understanding between nations If not generally 
true, 1b must still be so for the study of the oceans, 
with its very wide and numerous bearings on human 
welfare, and ıt seems very appropriate that the first 
International Oceanographic Congress, which took 
place durmg August 31-September 11, should have 
been held m the United Nations headquarters in 
New York, also that 1t should be sponsored by the 
American Association for the Advancement of 
Science, which has ably demonstrated the part science 
can play m raising the level of economic prosperity, 
and by Unesco, which strives to spread the educa- 
tional, cultural and practical benefits to all nations 
Oceanographers have a tradition of working together, 
and have a number of mtergovernmental councils 
and scientific associations to help them, but this was 
probably the first time such a grand attempt had been 
made to assemble enthusiasts from every aspect of 
the subject and all parts of the world 

The aim was to get to know and help each othe, 
and the programme was arranged around five mam 
topies* “History of the Oceans", "Populations of 
the Sea", “The Deep Sea", “Boundaries of the Sea", 
and “Cycles of Organic and Inorganic Substances m 
the Sea”. Each theme had two morning sessions, 
with lecturers invited to review contemporary 
advances rather than the older published work, and 
in the afternoons the audience divided among 
four discussions of papers related to the morning 
topics The mam purpose of the conference seemed to 
be very well achieved a great deal of unpublished 
work was discussed and new ideas freely exchanged 
Everyone writing about ib will be sure to say how 
wonderful was the exchange of information between 
people who knew each other or had read each other's 
papers The suecess was largely due to the efforts 
of the orgamzmg commuttee, which persuaded 
oceanographic laboratories all over the world to send 
the younger members of them staffs as well as direc- 
tors, and to the generous financial help of some 
twenty-two government and private organizations 
m the United States, which overcame much of the 
difficulty of travel expenses 

The “History of the Oceans” section dealt with the 
shape and structure of the ocean basins, the forces 
involved, the history of sea water, and the origin of 
lfe We begm to know enough about the topo- 
graphy of the Atlantic and Pacific Oceans to form a 
reasonable overall picture and to know where to 
study the processes at work Earthquake activity, 
vulcanicity, gravity and magnetic anomalies are 
begining to be related to topography The abyssal 
plains are as interesting as the ridges We still do 
not know whether continental slopes are rubbish tips 
or weathered rock We were warned against too 
ready acceptance of generalizations attributing all 
acid rocks found m dredges to transport by ice 
There should be more active studies to see if they 


could be locally derived, and to see 1f they can be 
dated , we were told to be careful about giving them 
to museums Another caution, from the biologists, 
was that while those dealing with living material are 
very careful about drawing conclusions beyond 
sımple description or regional relationships, palæo- 
graphers showed less hesitation m making positive 
deductions about ancient seas The physicists agreed 
that the difficulty of findmg hypotheses to explam 
the present circulation of the oceans made ıt quite 
fantastic to put forward conclusions about those of 
earher climatic periods There are, nevertheless, 
very exciting attempts to obtam evidence from the 
stratigraphy, chemistry, physics, biology and nuclear 
relationships of the sediments The same types of 
evidence, and mcreasingly penetrating studies of the 
chemistry of sea water and of 1ts exchanges with the 
sediments, are also beginning to provide a better 
framework for judging ideas on the origm of hfe in 
the sea 

In “Populations of the Oceans”, most of the papers 
and discussions were on biogeography, distribution 
and behaviour in relation to physiology and environ- 
ment, evolution and adaptation, and paleobiogeo- 
graphy One of the morning lectures was a fascinating 
unpublished study of the distribution of bottom-hvmg 
organisms in relation to the time they spent m the 
pelagic larval stage It was shown that this time 
varied with temperature, and that metamorphosis 
could be postponed by unfavourable conditions 
There were a relatively large number of papers from 
the Soviet Union, dealmg mamly with the fish, 
plankton and bottom-lving organisms of the Pacific 
and Antarctic Oceans. Once or twice there was a 
hint that some of the more special approaches were 
defending their territories ethology tried to disclaim 
a paper which showed how a squid kept itself 
afloat 

“The Deep Sea" discussions included the physics 
and chemistry of circulation, stirring and mixing, 
the nature and origm of bathypelagic hfe, the special 
characteristics of abyssal organisms and the distribu- 
tion of pelagic-sediment types and nuclear processes in 
pelagic sediments Durmg discussion of a Soviet 
study of turbulent diffusion which confirmed some 
previous work by the late L F Richardson, 1t was 
very pleasant to see the charm with which Dr Henry 
Stommel, probably the only one there who had talked 
with Richardson, greeted what might be the only 
mention of his name in the United Nations head- 
quarters with timely reference to his mathematical 
treatment of foreign politics, arms and msecurity 

There was plenty of evidence that new ideas on 
turbulent processes are bemg profitably applied 
to the study of vertical and horizontal movements 
and to better understanding of mternal waves One 
of the most strikmg diagrams showed the unexpected 
complexity of the north and south movements below 
the Gulf Stream Even more remarkable was one 
which contoured velocity m. & north-to-south vertical 
section across the sub-surface ‘Cromwell’ current, 
below the equator in the Pacific Ocean It showed a 
thin ribbon of water some 100 meires thick and 100 
miles wide flowing eastwards at about 24 knots, 
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mainly between depths of 50 and 200 metres, sym- 
metrical about the equator and known to occur over 
most of the width of the Pacific Ocean, while all 
the adjommg water, above, below, north and south, 
flows in the opposite direction Interpretation of 
previous climates from the study of the stratigraphy 
of the deep-sea sediments seems to be one of the 
most popular oceanic studies, and ther was a strong 
plea for samples of older sediments from depths well 
below the level attamable by cormg Quite shallow 
bore-holes would give information as valuable as the 
much discussed deep bore It might be easier to 
plot previous positions of the equator from the car- 
bonate content of the sediments than to plot previous 
positions of the poles from evidence of previous 
magnetism Most of the geologists seem to feel that 
there ought to be a much greater depth of sediments 
1n the ocean 
-Discussions on “Boundaries of the Sea" dealt with 
the effects of land masses and types of coast and sea 
bottom on the plant and animal populations The 
rather special conditions in bays and estuaries were 
emphasized The physical papers dealt with the near- 
shore circulation One of the most striking papers 
gave a preliminary survey of the very complex thermal 
structure in the Straits of Gibraltar obtained with the 
new towed cham of thermistors Prof W H Munk's 
morning lecture on the spectrum of sea-level, from 
ordinary waves to changes in mean sea-level, was one 
of the most appreciated by the Congress, and the 
relevant afternoon discussion dealt with a wide 
range of contributions about effects of pressure, wind, 
climate and seismic disturbances Further after- 
noons were devoted to the mterchange of energy 
between sea and air, and to proposed methods for 
predicting surface conditions and changes 1n currents 
There was a very interesting account of observations 
relating surface slicks to internal waves m a shallow 
thermoelne The internal waves travelled in the 
same direction as the surface waves and the shcks 
also moved slowly in the same direction 

The section on “Cycles of Organic and Inorganic 
Substances” included discussions of the chemustry 
of sea water, the occurrence of biologically active 
substances, including vitamins and trace elements, 
primary production, nutrient relationships, balance 
between living and dead organic matter, exchanges 
between the sea and sediments and between the sea 
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SYMPOSIUM on Thermodynamics was held 

dunng August 20-25 at Fritzens-Wattens, 
near Innsbruck, Austria, under the joint sponsorship 
of the Deutsche Bunsen Gesellschaft fur Physikalische 
Chemie, and the International Union of Pme and 
Applied Chemistry, the latter through its Com- 
mission on Thermodynamics, the Sub-Commussion 
on Experimental Thermochemistry and the Sub- 
Commussion on Experimental Thermodynamics The 
symposium was under the general direction of Prof 
K Schafer (president of the Deutsche Bunsen 
Gesellschaft fur Physikalische Chemie, and secretary 
of the Commission on Thermodynamics) with the 
local arrangements bemg handled by Prof E Cremer, 
of the University of Innsbruck Fifty papers were 
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and atmosphere C E Lucas and J H Steele of 
Aberdeen and L H N Cooper of Plymouth gave 
morning lectures There was enough m this section 
alone to make a conference 

One of the most striking features of the Congress 
was 1ts evidence of the expanding interest of geologists 
m the ocean Biology, for the first time at such a 
meeting, probably took second place, and except for 
the new Soviet expeditions 16 tended to be concen- 
trated ın waters not far from shore The physics of 
the sea had a good deal to show for the first t1me, and, 
not least significant, 15 could at last be seen to be 
making observations to check theories 

The morning lectures will be published, and every- 
one attending the Conference had preprmts of 
abstracts of all the papers contributed to the discus- 
sions, a very formidable volume of 1,027 pages The 
simultaneous translations provided by the United 
Nations staff in Enghsh, French and Russian were 
magnificent We were able to carry on active dis- 
cussions with Soviet scientists and occasionally 
listen to them arguing with each other The facilities 
of the United Nations building for a large assembly 
with discussion groups are quite extraordmary Most 
of the 1,200 who registered for the Congress seemed to 
be staying at the Commodore Hotel only a few blocks 
away, anc there was always someone interesting to 
talk to The Soviet research ship Michael Lomonosov, 
and five American ships, Atlantis, Chan, Crawford, 
Maury and Gibbs were lymg at one pier and the 
French Calypso at another There was a good 
programme of social events moludmg a particularly 
agreeable visit to the New York Zoological Park 

One might penetrate deeper into the science at a 
smaller meeting, but there could be no better way of 
getting an impressive though perhaps general idea 
of the mereasing interest and advance in all aspects 
of the subject For everyone except the organizers 
it was in fact rather a holiday, and at the same time 
a most remarkable opportunity for forming new ideas, 
correcting old ones and thnking what to do next 
There can be no doubt that some of the work begun 
there will be continued m growing friendliness by 
scientists all over the world All marme scientists, 
and especially those privileged to attend, owe a great 
debt vo Dr Mary Sears and her organizing committee, 
to all others who helped, and not least to the United 
Nations G E R Deacon 
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read, and there were 135 participants, representing 
seventeen countries, includimg thirty from North 
America and twenty from Great Britam 


Experimental Thermochemistry 


The firss part of the symposium, under the general 
heading ‘‘Expermmental Thermochemistry”, contamed 
twenty-three papers Eight of these were studies in 
bomb-combustion calorrmetry The most novel paper 
of this group, presented by W N Hubbard (Argonne 
National Laboratory) gave a prelummary account of 
the successful development of a bomb-calorimeter for 
combustions in an atmosphere of fluorme gas The 
bomb ıs made of nickel, which is rendered mert to 
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attack dung the combustion process by a careful 
pre-fluormation treatment, so that the mner surfaces 
become coated with a stable nickel fluoride film 
Combustion exper:ments of an exploratory character 
have been made on twenty-five metals and fifteen 
inorganic compounds, and three-quarters of these 
immediately appeared to be suitable for accurate 
calormetric study 

Two papers desoribed recent studies using the 
rotatmg-bomb calormeter m this, the bomb ıs 
charged before combustion with a suttable solvent, 
and rotated after combustion to produce a uniform 
solution of the combustion products i a definite 
thermodynamic state The method has been 
developed over recent years, and has enabled highly 
accurate combustion data to be obtamed for a 
variety of organic sulphur-eontaimumg compounds 
D W Scott (Bureau of Mines, Bartlesville) described 
the further application of the technique to organic 
fluorides and to some organometallic compounds 
iesults obtamed on fifteen organic fluorides were 
presented, and values reported for the heats of 
formation of lead tetramethyl, lead tetraethyl, and 
dimanganese decacarbonyl The application of the 
method to organe bromides was described by L 
Bjellerup (Lund), and the derived heats of formation 
critically compared with those mdependently avail- 
able from heats of brommation Comparison of the 
heats of formation from combustion with those from 
reaction heats measured by Lacher and his associates 
at Colorado 1s satisfactory 

The advantages of polythene ampoules over glass 
ampoules as contamers for liquids m combustion 
calorimeters were discussed by H Mackle (Belfast), 
in the discussion, ıt transpired that several mvesti- 
gators have experymented with plastic ampoules with 
considerable success, and that polythene and poly- 
esters are suitable materials to use Three papers 
reported new combustion studies by conventional 
‘static-bomb’ procedures J D Cox (National 
Chemical Laboratory, Teddmgton) presented results 
on phenol and the three cresols, M Colomma 
(Madrid) gave the results of an mvestigation of five 
alkylphenylketones and of the three toluic acids, 
and J Tjebbes (Lund) reported on the heats of com- 
bustion of butanal and five related compounds In 
these studies, the error lmuts were of the order 
0 01-0 02 per cent, which is famly representative of 
the degree of precision attamable by modern com- 
bustion calorimetric techniques ın favourable cases 
C T Mortimer (Keele) reported heat of combustion 
data on trphenylphosphme, triphenylphosphine 
oxide, and triethyl phosphate These compounds can 
scarcely be described as ‘favourable cases’ for com- 
bustion study, in view of the difficulty of analysmg 
the products of combustion, so that the error limits 
of only 0 1 per cent reported by Mortimer are en- 
eouragimgly small, and suggest that further thermo- 
chemical studies on organophosphorus compounds of 
biochernieal importance should be rewardmg 

Reaction calorimetry (heats of reactions other than 
combustion) was represented by three papers E J 
Prosen (National Bureau of Standards, Washington) 
gave an account of the extensive studies on the 
thermochemistry of boron hydrides, meluding the 
measurement of the heats of thermal decom- 
position of the boron hydrides mto elements, of 
thew heats of hydrolysis, and heats of chlormation 
The heat of formation of boron trichloride from 
elements has also been measured Reliable values 
are now available for the heats of formation of the 
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boron hydrides and of boue acid Values were 
derived for the bond-energy terms of various boion 
bonds, meluding the tricentric ‘bridge bonds’ ım- 
volving boron atoms The empmical scheme pro- 
posed by Prosen was applied to mterpret structural 
features of the more complex hydrides of boron 
H A Skmne: (Manchester) described some thermo- 
chemical studies on reactions of diborane, m this 
case the addition reactions of diborane with olefines 
to form boron tri-alkyls These reactions occur 
rapidly m diglyme solvent at room temperature, 
and provide a promismg route to the heats of forma- 
tion of the boron tri-alkyls N N Greenwood (Nott- 
ingham) described the appheation of solution calor- 
metry to the measurement of heats of formation of 
l Il and 1 2 donor-acceptor complexes of gallium 
trichloride, gallium tribromide, boron trichloride and 
boron tribromide with various oxygen and nitrogen 
donors For a given ligand, the heats of formation 
of the tribromide complexes are consistently greater 
than for the correspondmg trichlorides, and the heats 
of reaction of boron trichloride with nitrogen donors 
are larger than those of gallium trichloride with the 
same ligands 

Two papers dealt with the thermochemistry of 
alloys O Kubaschewsk: (National Physical Labora- 
tory, Teddmgton) reviewed calorimeters suitable for 
measurmg the heat of formation of alloys, with par- 
ticular reference to ocalormmeters developed at the 
National Physical Laboratory for direct measure- 
ments on solid alloys formed by heating powdered 
metal mrxtures at high temperatures A Schneider 
(Gottmgen) reported directly measured heats of 
formation of InSb, MgZn, MgZn and Mg,Zni, 
and indirectly determmed free energies of formation 
of Fe,Zr, Al,Zr, Al,Zr, and Al;,Zr, 

There were three contributions concerned with the 
heats of mpang of hquids In one of these, M L 
McGlashan (Reading) emphasized that measurements 
on heats of mrxmg should be carried out under con- 
ditions ın which the vapour phase 1s entirely elm- 
mated, and described an mgemous calorimeter for 
this purpose Heats of mrxing of pairs of compounds 
from the series 81(CH,)4-nCl,, and from the series 
C(CH,),-nCl, were reported, and discussed m terms 
of the ‘quasi-chemical approximation’ Mixing heats 
in the bmary and ternary systems formed from 
acetic acid, pyridime and a normal paraffin hydro- 
carbon (hexane, heptane, etc ) were reported by W 
Woyeicki (Warsaw) W Wagner (Dresden) described 
a series of measurements of activity coefficients, 
heats of mxng and volumes of mixmg of the 
ehlorotoluenes ın benzene solvent 

Studies of chemical equilibria were the subject of 
two papers im one of these, S Sunner (Lund) 
described the use of the gas-phase chromatographic 
technique to analyse the disproportion reaction 
MeSSMe + EtSSEt = 2MeSSEt, at 25° C and 60° C 
A Pacault (Bordeaux) spoke of a senes of equi- 
librium studies on double decomposition 1eactions m 
the solid state between barrum sulphate and sodium 
carbonate and potassium carbonate 

The thermochemistry of tellurnm carbonate, 
tellurram thiocarbonate and barium thiocarbonate, 
determmed from dissociation pressures measured 
over a temperature range, was described by G 
Gattow (Gottingen), and the formation and thermo- 
dynamic stability of mixed halides, for example, 
CuCIBr, by R Perret (Dijon) 

I Wadso (Lund) described a novel adiabatic 
calorimeter for the direct measurement of heats of 
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vaporization at 25? C suitable for hquids having a 
vapour pressure of 5-100 mm mercury at room 
temperature The accuracy achieved was of the 
order of 0 5 per cent 

The accepted value for the heat of dissociation of 
nitrogen was questioned by G. Glockler (Durham, 
NC), and L H Long (Exeter) raised the interesting 
problem of the relation between bond dissociation 
energies and valence-state excitation energies, by 
specific reference to experimental data available on 
metal-earbon bonds 

This first part of the symposium was summed up 
by F D Rossim (Pittsburgh) and by J Coops 
(Amsterdam) Prof Rossm, reflecting on thirty 
years of thermochemistry, recalled the stages in its 
development First, to design calorimeters of 
sufficient accuracy, then to prepare compounds of 
sufficient purity, and now to extend the range of 
investigation. to substances more difficult to prepare, 
to purify, and to analyse, requirmg full use of all 
the tools of modern analysis 


Physical Constants 


The second part of the symposium, aranged by 
the Commission on Thermodynamucs, contamed six 
papers The first of these, grven by F D Rossim 
(Carnegie Institute, Pittsburgh), concerned the 
present state of knowledge on the fundamental 
constants of physical chemistry. Five of these have 
to be determmed by experrment, the others are 
defined by international agreement In addition, 
there are auxihary constants which derive from the 
fundamental constants Since 1951, the ice-point of 
water has become a defined constant, and improved 
values have become available for the constants, h, c, 
e, F and N Tn 1960, ıt 1s proposed to adopt a new 
scale of atomic weights based on carbon-12 = 12 0000, 
which will differ from the present chemical scale by 
42 ppm, and from the present physical scale by 
317 ppm 

There were three papers on the thermodynamic 
scale of temperature, and its realization through the 
international scale, grven by Van Dijk (Leyden), H 
Moser (Braunschweig) and C Tingwaldt (Berlin) 

In the range 0-00? K, new measurements have 
been made on the boilmg-pomts of hehum and 
oxygen, with results which differ by only 1/1,000° 
and 1/1005, respectively, from the older values of 
1937 and 1927 The pomts 4 215? K and 90 18° K 
(relative to the ice-pomt = 278 15° K ) representing 
the boihng-pomt of helium and oxygen may be 
regarded as m practically complete agreement with 
the thermodynamie scale For n-H,, the most recent 
measurements of the boilmg-point by various invosta- 
gations gives the mean value 20 379° K Secondary 
fixed pomts m this region are shown m Table 1 

In the range between the two fixed pomts of the 
boimng-pomt of oxygen (— 182 97° C) and the 
bouing-pomt of sulphur (440 60° C), which 1s 
spanned m the mternational scale by measurement 











Table 1 SECONDARY FIXED POINTS 
1 
Gas Boilng-point Triple-point 7-point 
CK) CK) CK) 
Argon 83 81 
Nıtrogen 77 35 
Oxvgen 54 34 
p-Hydrogen 20 27 18 81 
n-Hydrogen 13 95 
Hehum 2172 
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using the platmum resistance thermometer and the 
three-term formula, the deviations AT(=T (thermo- 
dyn) —T (internat )) vary from +0 04° at —80? 
C to 4-0 13? at 400° C In the range from the 
boilmg-point of sulphur to the meltmg-pomt of gold, 
m which the international scale relies on the inter- 
polation formula for the e m.f. of a platmum/plat- 
mum-rhodrum element, the deviations AT reach as 
high as 1 7? CO It 1s suggested on the basis of new 
measurements that the meltmg-pomt of gold is 
1,064 76° C m place of 1,063°, as accepted by the 
international scale This is a large change to make, 
and until more evidence is avaiable ıt ıs premature 
to make the change m the international scale 

A change m the radiation constant from 1 438 to 
1 4388, coupled with an merease of 1 76? C ım the 
defined meltmg-pomt of gold, would eliminate the 
differences between the international and thermo- 
dynamic scales above 1,500° K 

The measurement of temperatures above the gold 
pomt by optical pyrometry was discussed by OC 
Tmngwaldt, with particular reference to experimental 
methods of obtamung ideal black-body radiation from 
a glowing solid The lateral radiation from a glowing 
metal 1s extensively polarized ‘non-black’ radiation 
by allowing radiation from one source to fall at an 
angle of 45° on to a glowing metal strip, the com- 
bmed radiation (reflected and emutted) from the 
strip 1s unpolarized, black radiation corresponding 
to the temperature of the glowing source 

There were two papers describing new designs of 
calorimeter One of these, by A R Meetham 
(National Physical Laboratory, Teddmgton) reported 
on the design and use of an aneroid bomb-calormeter 
made of silver, and vacuum-Jacketed, for measuring 
heats of combustion The heat transfer coefficient of 
the calorimeter 1s very much smaller than that of 
stirred-water calorumeters The internal volume is 
97 ml, and 0 2 gm benzoic acid on combustion gave 
a 35 deg C temperature rise The standard devig- 
tion of mdrvidual estumates of the heat of combustion 
of benzoic acid was less than 1 part m 5,000 

F E Wittig (Munich) described the constructional 
details and operation of a high-temperature calor- 
meter for thermal studies on metallic alloys 
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Phase Changes in Condensed Systems 


The third part of the meeting had as its subject 
“The Thermodynamics of Phase Changes m Con. 
densed Systems", and was sponsored by the Sub- 
Commission of Experimental Thermodynamics In- 
troduemg the first session, Prof D M Newitt 
(Imperial College of Science and Technology, London) 
said that the object of this meeting, and of its pro- 
decessor m London m 1957, was to encourage work 
to fill the gaps 1n our knowledge of thermodynamic 
properties, and especially of those of pure sub- 
stances 

The majority of the speakers discussed the phase 
transitions of solids There were two introductory 
reviews The first was by J E Mayer (Chicago), 
who gave a lucid account of the thermodynamics of 
phase changes in terms of the singularities of the 
Helmholtz free-energy and emphasized how restricted 
were the types of transition that could be adequately 
treated by the present developments of statistical 
mechanics The second was by J P McCullough 
(Bureau of Mines, Bartlesville), who outlmed an 
empirical division mto seven types of the sohd-solid 
transitions of hydrocarbons and of related substances 
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A R Ubbelohde and his colleagues, Miss E 
Rbodes and E R Buckle (Imperial College of Science 
and Technology, London), contributed a group of 
three papers which discussed the mechamsm of 
melting and freezmg They demonstrated most 
convincingly that the classical thermodynamic 
picture of melting as the sharp intersection of 
two unrelated free-energy curves was madequate 
for material composed of complex molecules or 
10ns 

The largest group of papers im this section were 
detailed studies of particular solid systems Sive: 
oxide was shown by K. S Pitzer (Berkeley) to have 
two anomalous regions in its heat-capacity curve 
The first, m the region of 20-40°K , was still without 
a verified explanation, but the second, 370—-470°K , 
was an annealing of surface and crystal defects J G 
Aston (Pennsylvama State University) and E F 
Westrum (Michigan) both presented measurements 
of the heat capacities of systems contaming highly 
symmetrical organic molecules, the molécules globu- 
lares of Timmermans Such systems are of par- 
ticular mterest smce the symmetry and ‘smoothness’ 
of the molecules allow them to melt with respect to 
their orientations without disruptmg the crystal 
This orientation energy and entropy are acquired at 
one or more transitions below the true meltmg pomt 
J E Spice (Liverpool) reported a detailed study of 
mixtures of ethylene dichloride and dibromide The 
former has long been known to have a broad maximum 
m its heat-capacity curve at 180° K On dilution 
with dibromnde the peak moves at first to lower 
temperatures and becomes less pronounced The 
behaviour of the system is, however, complicated by 
the partial xmmuscibihty of the two solids 

The thermodynamic studies of mdane and indene 
by D R Stull (Dow Chemical Co , Michigan) were 
most notable for the high degree of ‘automation’ m 
his calormmeter This led to many questions regarding 
the time taken to reach equilbrrum in many sold 
Systems 

The magnetic transitions of the divalent salts of 
manganese, iron, cobalt and nickel were reviewed by 
J W Stout (Chicago) These systems provided un- 
usually elegant examples of the entropy (Rinn) 
associated with n available electronic states per ion 
W E Wallace (Pittsburgh) has made a very detailed 
study by calorimetry and by electrical, magnetic and 
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X-ray exammation of the differences between the « 
and B phases of tantalum hydride and tantalum 
deuteride The results were mterpreted m terms of 
differmg amounts of short-range and long-range order 
in the allocation of the hydrogen atoms to the mter- 
stitial sites G M Schwab (Munich) reported a 
study of the « to B phase change in cobalt 
The last group of papers were those that dealt 
primarily with liquid phases, or ın which the interest 
was m the application of theories of mixtures to the 
results R Heastie (Queen Mary College, London) 
had studied the phase equilibria of mixtures of 
krypton with argon and with xenon The systems 
were muscible m both solid and hquid phases at the 
meltig-pomt and the form of the melting curves 
provided a test for the lattice theories of solution of 
Prigogme Unfortunately, true equilibrium m the 
solid phases was not always achieved T M Storvick 
and J M Smith (North-Western University, Illmois) 
have studied the thermodynamic properties of mx- 
tures of hydrocarbons and alcohols m hqud and 
gaseous phases at temperatures up to the gas-liquid 
errtacal pomts The deviation of ther results from 
those of purely hydrocarbon mixtures was interpreted 
in terms of the degree and heat of polymerization of 
the alcohol molecules J S Rowlnson (Manchester) 
demonstrated that lower critical solution points are 
not confined to polar mixtures but are commonly 
found also m bmary hydrocarbon mixtures if the 
size ratio of the constituent molecules is sufficiently 
large This behaviour appears to be the rule for 
high-polymer solutions, almost all of which separate 
into two phases above the normal boilmg-pomt of 
the solvent Fmaly, R I Munn (Vienna) reported 
a careful re-examination of the phase-boundary curve 
near the lower critical solution pomt of the system 
water + triethylamme The curve has an unusual, 
and unexplamed, point of mflexion 
Three papers less easy to classify were given by 

K S Pitzer on “Irreversible Thermodynamics”, D 
White (Columbus, Ohio) on “‘o-p and Isotope Separa- 
tions by Preferential Adsorption at Low Tem- 
peratures”, and by G Watelle-Marion (Dijon) on a 
spectrophotometric study of the iomzation of a 
divalent-meta] salt 

H A SEINNER 

X SCHAFER 

J S ROWLINSON 
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Prof. F. Közl 


Pror F Kor died on June 6 at Utrecht after an 
illness of about two years From 1930 until his death 
at the early age of sixty-one, he had been professor 
of organic chemustry and of biochemistry at the 
State University of Utrecht 

Fritz Kogl was born on September 19, 1897, at 
Munich He studied chemustry under such famous 
teachers as H Wieland, H Fischer and A Wmdaus 
and became well known himself at an early age 
by his studies of natural pigments produced by 
certam bacteria and fungi While a Prwatdozent at 
Gottmgen, he was called to a professorship at Utrecht 
in 1930 ag the successor of Van Romburgh and of 
Ruzicka Here he widened his field of activities 
enormously Interest m growth phenomena of plants 


led to the isolation and characterization of the 
auxins He and his co-workers were the first to 
recognize 8-indolylacetic acid as a natural plant- 
growth hormone The consequences of this work are 
well known to all dealmg with the theoretical and 
practical aspects of plant growth Hus studies of 
growth factors for micro-organisms led to the isolation 
and the partial characterization of biotm 

From normal growth processes Kogl turned his 
attention around 1939 to the abnormal growth 
occurring in animal tumours He developed a daring 
hypothesis based on a presumed loss of stereo- 
specificity, resulting m the 1ncorporation of D-ammo- 
acids im tumour protems Although this theory 
could not be mamtained agamst experimental evi- 
dence, ıt proved very stimulating for the continued 
biochemical approach to protem chemistry Durmg 
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the past ten years many new fields of current 
biochemical mterest were tackled Among these, 
important studies on diabetes, on membrane chemus- 
try and on thermo-regulation m the warm-blooded 
animal must be mentioned 

It was a great satisfaction to Kogl himself that 
a problem started before 1930 was solved just 
before his final iliness This was the elucidation 
of the chemical structure of muscarm, the poisonous 
constituent of the fly-agaric (Amanita muscaria L ) 


NEWS an 


Royal Society Officers for 1960 


AT the anniversary meeting of the Royal Society, 
Sir Cyril Hinshelwood, Dr Lee's professor of chemistry 
in the University of Oxford, was re-elected president 
The other officers re-elected for the ensuing year were 
Treasurer, Sir William Penney, member for scientific 
research, United Kmgdom Atomic Energy Authority , 
Biological Secretary, Sir Lindor Brown, Jodrell 
professor of physiology at University College, London , 
Physical Secretary, Sir William Hodge, Lowndean 
professor of astronomy and geometry m the Univer- 
sity of Cambridge , and Foreign Secretary, Dr H G 
Thornton, lately head of the Department of Soil 
Microbiology at Rothamsted Experimental Station 
Other members of Council elected were Prof J F 
Baker, professor of mechanical sciences, University 
of Cambridge, Dr J C Burkill, University lecturer 
m mathematics, Cambridge, Prof D G Catchesidc, 
professor of microbiology, University of Birmingham , 
Prof T M Harris, professor of botany, University 
of Reading, Prof L Hawkes, emeritus professor of 
geology, Bedford College, University of London, 
Prof A L Hodgkm, Royal Society research profes- 
Sor, Sir Patrick Linstead, rector of the Imperial 
College of Science and Technology, London, Dr 
R A Lyttleton, reader in theoretical astronomy, 
University of Cambridge, Prof H S W Massey, 
Quam professor of physics at University College, 
University of London , Prof R A Morton, Johnston 
professor of biochemistry, University of Liverpool, 
Sr Alfred Pugsley, professor of cıvıl engineering, 
University of Bristol, Prof R J Pumphrey, Derby 
professor of zoology, University of Liverpool, Prof 
H W B Skmner, Lyon Jones professor of physics, 
University of Liverpool, Prof W Smith, professor of 
bacteriology at University College Hospital Medical 
School, University of London , Dr H W Thompson, 
university reader m infra-red spectroscopy, Oxford , 
and Prof J Z Young, professor of anatomy at 
University College, University of London 


National Chemical Laboratory 
Dr D D Pratt, CBE 


AFTER thirty-four years as a member of the staff 
of the National Chemical Laboratory, Dr D D Pratt 
retired from the post of director of the Laboratory 
on September 30, but ın order to assist the new direc- 
tor, Dr J S Anderson, he agreed to occupy the 
vacant post of assistant director for a period of two 
months Born at Anstruther, Fifeshire, Dr Pratt 
graduated at St Andrews and received his post- 
graduate tramimg both there and at Manchester under 
Prof (now Sir) Robert Rebmson ‘This period was 
interrupted by the First World War, throughout 
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The structure of muscarm had puzzled chemists for 
more than a century, Kogl and his associates 
concluded this chapter bidhantly by synthesizing the 
active compound 

Kogl was an mspired mvestigator and teacher, 
More than sixty doctoral theses are a lasting testimony 
of the School he founded His death 1s a grievous 
loss to the University he served for almost thirty 
yeais He ıs survived by his wife and two daughters 

G J M van DER KERK 
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which he served as an officer m the Highland Laght 
Infantry In November 1925, a few weeks after its 
opening, Dr Pratt jomed the Chemical Research 
Laboratory, bemg appomted to take charge of 
research on tars, particularly those from the low- 
temperature carbonization of coal, this work had 
several successful applications in industry His 
abilty was soon recognized by Dr G T Morgan, 
who quickly promoted him until he was the senior 
officer under the director When Morgan retired in 
1938, Pratt was made officer-in-charge of the Labora- 
tory for the six months which elapsed before Dr 
G S Whitby became director This was the first 
of several occasions when he was m charge under 
various titles, until finally he was appointed director 
i March 1951 His period in this office has been 
marked by considerable activity and expansion The 
rapid inerease in radiochemical work led to the 
creation of a separate laboratory for this purpose 
The Mierobiology Group was re-housed m a new 
building, while responsibihty was also assumed for 
the National Collection of Industrial Bacteria Under 
Dr Pratt’s leadership the Laboratory has grown m 
numbers, m size and m reputation Its name has 
been changed to the National Chemical Laboratory, 
there has been some re-organization of the programme, 
but m spite of growth and change, Dr Pratt succeeded 
in maintamung the friendly atmosphere which has 
always characterized the Laboratory A friendly man 
hunself, his numerous friends will join in wishing 
him many happy years of retirement 


Prof J S Anderson, FR S 


Pror Jouw Sruarr ANDERSON, professor of imn- 
organic and physical chemistry m the University of 
Melbourne, has been appointed director of the 
National Chemical Laboratory of the Department of 
Scientific and Industral Research at Teddington, 
in succession to Dr D D Pratt Prof Anderson, 
whose work in Great Britain and im Australa, 
has placed him among the leadmg workers in 
the field of morganic chemistry, is particularly 
well known for his contributions in the fields of 
solid-state chemistry and the chemistry of complex 
salts He was elected a Fellow of the Royal Society 
ın 1953 Prof Anderson was born in London in 1908 
He graduated with first-class honours in chemistiy 
at the Imperial College of Science and Technology, 
London, ım 1928 After three years postgraduate 
1eseaich under Prof H B Baker, he went to Heidel- 
berg for one year In 1932 he jomed the staff of 
the Chemistry Department at the Imperial College 
Six yeais later Dr Anderson was appointed senior 
lecture: m chemistry m the Univesity of Melbourne. 
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Durmg the War he took part in chemical work 
aimed at developmg new natural resources in 
Austraha He returned to Britain m 1947 to jom 
the Chemistry Division at the Atomic Energy 
Research Xistabhshment, Harwell, but went back 
agam to Australia ın 1954 Prof Anderson is Joint 
author with Prof H J Emeléus of “Modern Aspects 
of Inoiganie Chemistry” 


Directorship of Colaba and Alibag Observatories 
Mr S L. Malurkar 


Mr S L MALURKAR, who has retired from the 
directorship of the Colaba and Ahbag Observatories, 
was born in Hassan on August 15, 1903, and educated 
in government schools and colleges at Bangalore 
Due to Prof M Venkatrama Iyer’s mfluence, he 
turned to origmal studies m mathematics after 1920, 
in addition to the subjects m physical sciences taken 
in the Central College at Bangalore Hus studies 
included ellipsoidal wave functions, producing many 
new results These led to a study of non-lmeai 
mtegral equations for a large number of types of 
functions, and ther evaluation m terms of elliptic 
functions, asymptotically and otherwise At Cam- 
bridge (1927-29), while working in the Solar Physics 
Observatory, he published a classification of arc 
spectra of antimony and arseme His stay at Cam- 
bridge was muitially helped by the Government of 
Mysore at the mstance of Dr E P Metcalfe and the 
late Su Mirza M Ismail He jomed the India Meteoro- 
logical Department m 1930, takmg over the mvestiga- 
tions on radiation, by this means he examined 
temperature distributions near heated surfaces, in 
collaboration with Dr L A Ramdas While at 
Agra (1936-37) he developed a basic theory of 
balloons for meteorological purposes In 1948 he 
was put m charge of the Colaba and Alibag Observa- 
tories, where he carried out much important work on 
geomagnetism and cognate phenomena, the magneto- 
gram and the photolysis of atmospheric ozone 1n the 
presence of water vapour He was president of the 
Physics Section of the Indian Science Congress held 
at Madras m 1958 


Royal Society of South Australia Award . 
Dr C G. Stephens 


THE Verco Medal 1s the highest award which the 
Royal Socety of South Austraha can bestow on 
scientific workers who have made exceptional con- 
tributions m ther particular field of mterests This 
year the Medal has been awarded to Dr O G 
Stephens for his excellent and outstandmg work on 
soils Dr Stephens attended the Launceston High 
School, following which he attended the University 
of Tasmania, where m. 1929 he graduated, and later 
gamed his master’s degree He was awarded a 
D Se by the University of Adelaide m. 1950 for his 
work on Australan soils He jomed the Common- 
wealth Scientific and Industrial Research Organ- 
yation—then known as C 8 I R —on a postgraduate 
scholarship 1n. April 1929 and has remained with the 
Organization since that date. His association with 
is Tasmaman staff ceased m 1938 when he was 
transferred to South Australia To-day, he 1s head 
of the Soil Survey and Pedology Section, Soils 
Division, Adelaide The practical applications of 
Dr Stephens's work have mportant bearing especially 
in the relationships of soil to land uses and develop- 
ment, and to soil fertility problems In consequence, 
he has been asked to give assistance in these matters 
both within Australa and overseas Dr Stephens 
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was appomted consultant at the Food and Agriculture 
Organization headquarters m Rome m 1952 Durmg 
this period he added to hus pubheations with the 
report, "Soi Survey for Land Development" In 
1954 he was appointed president of Commission 5 
(Soul Classification) at the International Congress of 
Sous at Leopoldville, Belgian Congo Dr Stephens 
18 prominent among Fellows of the Royal Society of 
South Austraha and served two periods as vice- 
president, namely, 1954-55 and 1956-57, and was 
president durmg the year 1955-56 


Higher Education in East Africa 


Ix reply to a question ın the House of Commons on 
November 24, the Secretary of State for the Colonies 
said that work had begun on the new technical 
institute building m Nairobi with tho help of a £65,000 
grant from Colonial Development and Welfare Funds 
The East Afiican Governments had accepted the 
iecommendations of the Working Party on Higher 
Education m East Africa for a University of East 
Africa, comprismg three mter-territorial university 
colleges, of which the re-constituted Royal Technical 
College would be one, and they were now studying the 
financial and other implications of the recommenda- 
tions with the view of preparmg a phased programme 
acceptable to all three territories 


Petroleum Industry Centenary 


Tum September issue of The British Survey, pub- 
lished by the British Society for International Under- 
standing, 1s a survey of the petroleum industry from 
1859, the year that Edwin Laurentine Drake drilled 
his historic well at Oil Creek, Titusville, Pennsylvania, 
USA, until the present time, the centenary year of 
the petroleum industry, which to-day is the biggest 
industry in the world The survey traces the 
evolution of the dustry from its origins, but also 
stresses the economic aspects as affecting not only 
peoples of the produemg countries but also those 
who consume rather than produce petroleum and its 
multrtudmous products—now well over a thousand 
im the domestic field alone, quite apart from the 
more widely known, major refined products This 
article 1s not merely a re-statement of time-worn 
facts regarding the oul mdustry and rts ternational 
ramifications The sections on “‘O1l Industry as a 
Citizen”, “Cost, Need and Complication”, and 
“Tendencies to State Participation” are refreshingly 
original and logically sound The survey concludes 
with a modest forecast of the rate of mcrease m 
demand for oi in the next 10-15 years United 
States, 4-5 per cent per annum, rest of the Free 
World, 6-7 per cent per annum, Western Europe, 
7 per cent per annum So far as can be estimated 
at present, the crude oil production to the end of 
1958 amounted to the staggermg figure of nearly 
19 milhon barrels à day * 


Soviet Scientific Information in the United States 


Tae National Science Foundation, Office of Science 
Information Services, has issued a revised edition of 
a pamphlet, ‘“Providmg US Scientists with Soviet 
Scientific Information”, which presents a concise 
picture of what is bemg done to make scientific 
periodicals, serials and books published m the 
USSR readily accessible to scientists m the United 
States (pp 36 Washington, DC . National Science 
Foundation, 1959) The magnitude of the problem 
1s displayed in four tables which give a total of 2,026 
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periodicals and senals and some 55,732 books in 
1955 A selected list of bibhographies published m 
the USSR and a hst of dealers m Soviet pub- 
heations ın the United States follow, and the arrange- 
ments made for translatmg Russian periodicals, 
papers, monographs and abstracts are then buefly 
deseribed This account is supported by a table 
hsting Russian scientific periodicals available in 
English and giving the agency, sponsor and sub- 
scription Some details of abstracting services aie 
meluded, and there 1s a lst of annual publications 
which contam reviews of Soviet science 


Geodetic Marker at the South Pole 

Durine the 1960 season of the US Antarctic 
Research Programme the Coast and Geodetie Survey 
of the US Department of Commerce wil erect a 
marker permanently identifying a geodetic position 
near the South Pole The 3-an bronze disk to be 
erected inside a building will mdicate the exact 
location of the South Pole Station of the US 
Antarctic Research Programme at lat 89? 59’ 43 6” S 
and long 24 8'W At this spot the scientific leader, 
Major Palle Mogensen, made 52 mdependent sets of 
astronomical observations during the antarctic night 
Data resulting from these observations were brought 
back to the United States by Major Mogensen and 
passed on to the Coast and Geodetic Survey for 
computation of the exact position of his observing 
station Scientists of the Bureau have determined 
that the South Geographical Pole bes approximately 
1,650 ft south of Major Mogensen's station 


Vegetation on Mars 

Ir has often been suggested that the dark areas of 
Mars consist partly of vegetation, partieulaily m 
view of the seasonal variation of the intensity of the 
dark regions Tests for the high near-mfra-red 
reflectivity characteristic of many plants have all 
given negative results A few terrestrial plants, such 
as some lichens, do not show this characteristic, and 
possibly such plants are present on Mars W M 
Sinton (Astrophys J, 126, 231, 1957 Lowell Obs 
Bulletin, No 103, 1959) has suggested and twice 
carried out a new test for the presence of vegetation 
All organie molecules possess strong absorption bands 
at wave-lengths near 3 4u, the wave-length of the 
carbon-hydrogen bond resonance , the precise wave- 
length depends on the mdividual molecule These 
bands have been studied by Smton as they appear 
in the spectra of a number of terrestrial plants, 
meluding lichens and mosses In all the plants 
tested, the carbon-hydrogen resonance bands ap- 
peared to some extent Tests were carried out on 
Mars at the oppositions of 1956 and 1958 Relatively 
httle hght ıs received from Mars at a wave-length of 
3 4u, so that very sensitive equipment was needed 
to render the work possible A lead sulphide cell 
cooled in liquid nitrogen was chosen as the detector 
and preceded by a monochromator equipped with a 
lithium fluoride prism The 1956 tests were made at 
Harvard and the 1958 tests at the 2002» telescope 
at Mount Palomar The radiation received from 
Mars was analysed theoretically mto thermal radia- 
tion and reflected solar radiation The latter shows 
three absorption bands at 3 43u, 3 56u and 3 67u 
These appear to be peculiar to the dark regions of 
Mars The bands are weak or absent m the bright 
regions, and are therefore formed nexther in the atmo- 
sphere nor m the bright regions of Mars No other 
new absorptions were found Although one cannot 
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be certam that no morganic molecule can explam 
these absorption bands, the observed spectrum does 
fit very closely that of organic compounds and plants 
The first two bands aie easily observed i plants, 
that at 3 67u seemed at first to be an enigma How- 
ever, 15 has now been found ın the alga Cladophora 
and appears to be produced by carbohydrate mole- 
cules in the plant Simtons results are the best 
evidence yet produced foi the existence of vegetation 
on Mars 
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A New Fossil Penguin from Australia 


A SPECIMEN of part of a fossil pengum named 
Anthropodytes gill sp nov, found by E D Gil m 
1950 m western Victoria, Australia, has been described 
by G G Simpson (Proc Roy Soc Vactoria, 71, 113, 
1959) The actual find (now housed m the National 
Museum of Victoria) consists of the night humerus, 
nearly complete, but lackmg most of the head 
Anthropodytes does not show any unmistakable signs 
of special affinity with any previously named genus, 
but of the fourteen known genera of fossil pengums 
in which the humerus is known the closest resem- 
blance ıs to Archeospheniscus from New Zealand 
Although Anihiopodytes was not found in situ, 
evidence relating to attached fossils, situation, and 
the fluorme test presented by E D Gull (p 121, Joc 
c) strongly suggest that the specimen came from 
an adjacent marie Miocene formation 


Molluscan Fauna of the Netherlands 


Tue Netherlands Malacological Society, Amster- 
dam, has this year celebrated 1ts twenty-fifth anniver- 
sary, and to commemorate the event the Society has 
published a special supplement to 1ts journal (Bastera, 
Vol 23) devoted to the Netherlands as an environ- 
ment for mollusean life The book contains seven 
chapters, all m English, with summaries in Dutch 
The opening section deals with the history of the study 
of the Dutch recent Mollusca, and this 1s followed 
by accounts of the general ecology of the marme, 
brackish-water, fresh-water and terrestrial mollusc 
fauna in the Netherlands Two other chapters are 
concerned with the nudibranch molluses and with 
the dead shells which are found washed up on the 
beaches The authors who have contributed to this 
volume are all well-known authorities on their sub- 
jects and the result of thew efforts makes good 
1eading not only for those specifically mterested 1n the 
Mollusca but also for all zoologists who axe mterested 
in ecology 


The Agricultural Institute of Ireland 


Tue Council of An Foras Talóntam (The Agiicul- 
tural Institute), as part of 1ts educational activity mn 
the promotion and encomagement of agricultural 
research, announces the award of junior postgraduate 
agricultural research scholarships for the academic 
year 1959-60 to the following candidates, who will 
undertake postgraduate studies in the University 
departments hsted Mi James Coyle (University 
College, Dublin), at the Department of Chemistry at 
the University of Leeds , Mr Juhan Hart (University 
College, Cork), at the Department of Statistics, 
University College, Cork, Mr James Kavanagh 
(University College, Dublin), at the Department of 
Botany, University College, Dublin, Mr Ronan F 
Lambe (University College, Galway), at the Depart- 
ment of Chemistry, University College, Galway, Mr 
John L'Estrange (University College, Dublin), at the 
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Department of Agiicultwal Chemistry, School of 
Agriculture, University College of North Wales, Mr 
Brian T Little (University College, Dublin), at the 
Department of Industiial Microbiology, University 
College, Dublin, Mr Cornehus Long (University 
College, Dublin), at the Department of Experimental 
Physics, University College, Dublm, Mr Vivian 
Timon (University College, Dublin), at the School of 
Agriculture, Newcastle upon Tyne (University of 
Durham) 


Ciba Fellowships 


SEVERAL Ciba Fellowships will be awarded for 
tenure durmg the academic year 1960-61 at Con- 
tmental universities or institutions for research m 
chemistry, physics or some other alhed scientific 
subject They will be awarded to graduates of univer- 
sities of the British Isles The basic award for 
Fellows who wish to continue postdoctorate studies 
will be £800 per annum plus allowances For candı- 
dates who have obtained a first degree 1n science and 
wish to undergo traming ın iesearch, the basic award 
will be £500 per annum plus allowances The total 
value of each fellowship will be determmed by the 
advisory panel, and will be sufficient to cover the 
Fellow’s livmg and other expenses (including fees 
and cost of travel) durmg the tenure of his fellowship, 
which will be for one yeai, renewable for a further 
one or two years Six Fellowships were awarded last 
year for tenure in 1959-60, and Ciba Fellows are at 
present workmg at Zurich, Gottingen, Louvain, 
Heidelberg and Copenhagen Applications should 
be made m duplicate on forms obtamable from the 
Secretary to the Ciba Fellowship Trust, Ciba (A R L), 
Ltd , Duxford, Cambridge The closing date for such 
appheations 1s January 31, 1960 


University News Belfast 


Tue appontment of In F J Wallace (Birming- 
ham) to semor lecturer m mechanical engmeermg 1s 
announced, also L J Clem (Maudsley Hospital, 
London) to be lecture: 1n mental health 


Bristol 


Tug following appomtments are announced In 
J W Barton (Bristol), lecturer m organic chemistry , 
Dr D L Dnmeley (Bummgham), lecturer in geology , 
Dr K R Gough (Bristol), research fellow m medicine , 
Dr S Griew (London), lecturer m psychology , Dr 
M A Holhngsworth (London), lecturer in mechanical 
engmeermg, B S Smith (Manchester), lecturer m 
civil engimeering, D J Storey (Cambridge), lecture: 
m electrical engmeermg, Dr C J Waddington 
(Bristol), lecturer m physics 

The Department of Scientific and Indusirial 
Reseach has made grants as follow to the Depart- 
ment of Physics, £16,680 for research under the 
direction of Prof C F Powell for experiments in 
cosmic radiation with balloons photon-induced cas- 
cades at different aliatudes, and time variations m 
the primary cosmic radiation over Great Britan, 
£35,084 to the Department of Psychology, for 
iesearch into the complexity of mdustrial tasks , to 
the Department of Geology, £5,000 for mvestigations 
of feldspars im the Connemara gramite series and 
preferred orientation m rock-formmg mmerals , and 
£3,550 for mvestigations of the submarme geology of 
the contmental shelf of the Western Approaches of 
the English Channel by Prof F Whittard , £3,850 to 
the Department of Physical and Inorgamie Chemistry 
for equipment, and £2,880 to the Department of 
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Zoology foi mvestigations of the physiological basis 
of behaviour m piotozoa The National Coal Board 
has made a grant of £1,150 to the Depaitment of 
Physical and Inorganic Chemistry for a study of 
carbon surfaces and surface complexes by mfia-red 
spectroscopy, and £1,100 for a study of reactivity of 
carbon surfaces with oxygen A giant not exceeding 
£1,150 has been made by the Mmistry of Supply to 
the Department of Electrical Engineering fox research 
on noise generation m mductors with fon omagnetic 
cores (continuation of grant) 


London 
Dr, P B D De ra Mare (New Zealand), reader in 
chemistry at University College, has been appointed 
to the University chaw of chemistry tenable at 
Bedford College from October 1, 1960 ‘The title of 
professor of experimental physics ın the University 
of London has been conferred on Dr F O Champion 
(Cambridge), in respect of his post at King’s College 
The followmg readerships are announced Di D R 
Arthur (Wales), m. zoology, in respect of his post at 
King’s College, Dr J B Hasted (Oxford), m physics, 
m respect of his post at University College 


Announcements 

THe Physical Society has announced a conference 
on ‘Electron-Phonon Interaction im Solds”, to be 
held im the Townsend Lecture Theatre, Clarendon 
Laboratory, Oxford, during December 17-18 Further 
information can be obtamed from Miss E Miles, 
Physical Society. 1 Lowther Gardens, Prince Consoit 
Road, London, S W 7 

THe Royal Institution has announced the one 
hundred and thirtieth course of six Christmas lectures 
adapted to a juvenile auditory The lectures, entitled 
“The Release and Use of Atomic Energy", will be 
given by Dr T E Alhbone on December 29 and 31, 
1959, and January 2, 5, 7 and 9, 1960 Further 
mformation can be obtamed from the Royal In- 
stitution, 21 Albemarle Street, London, W 1 


Tue Home Universities Conference, 1959, will be 
held ın the Senate House of the University of London 
during December ll and 12 The topies for discussion 
are “University Co-operation in the Common- 
wealth", “University Libraries", and “Administra- 
tive Problems m Expanding Universities" 

Tax Institution of Mechanical Engineers 1s arang- 
mg an informal discussion on the Computer ın Produc- 
tion, to be held on March 21 and 22 The purpose 
of the meeting 1s twofold to mtroduce chartered 
mechanical engmeers and managers to the latest 
techniques mvolving the application of computers in 
production, and to provide a forum for managers 
engineers and users to present them views to manu- 
facturers of computers Visits to computer centres 
and to mstallations where computers are bemg used 
on production problems will be arranged Further 
particulars can be obtamed from the Seocetarv, 
Institution of Mechanical Engimeers, 1 Birdcage 
Walk, London, S W 1 


Errata Prof Damel I Arnon has pointed out 
the followmg mistakes which were overlooked m 
proof-reading m his article entitled ‘Conversion of 
laght mto Chemical Energy m Photosynthesis” m 
Nature of July 4, p 10 p 11, col 2, last word in the 
first paragraph should read “phosphoglycerate 
p 11, equation 3, right-hand side, should be “4 
Fe?* >, p 17 eol 1, equation 7 left-hand side, 
should be '' 2(Chlp)* "n 
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INSTITUTE OF PERSONNEL MANAGEMENT 


ITH an attendance of some eight hundred 
members representing central and local govern- 
ment depaitments, industrial organizations, univer- 
sities and other educational institutions from Britain 
and overseas, the annual conference of the Institute 
of Personnel Management took place at Harrogate 
durmg October 9-11 The theme was personnel 
management and technological change, and the 
conference was opened by C H Broadhead, a director 
of the Imperial Tobacco Co , Ltd , who carried out a 
wide-rangmg survey of the growth, development and 
possible extension of personnel management in British 
industry In this review, Broadhead emphasized the 
continumg need for recognizing the employee as an 
mdiidual m lus own right, and for the specialist 
personnel managers constantly to act so that general 
management never forgets its personnel function 
when there 1s the risk of subordinating the individual 
to the organization 

Then followed five sectional meetings during one 
of which comparisons were made between the progress 
of technological education in the United States, the 
USSR and Great Britam From his mvestiga- 
tions Dr G Tolley, research manager of Allied Tron 
Founders, Ltd , suggested that there 1s every mdica- 
tion that the demand for tramed engmeers m Russia 
18 now bemg satisfied by numbers currently graduating 
from full-time courses , ıt 18 probable that attention 
will now be concentrated upon the fulfilment of 
other objectives, for example, education in special 
technologies, such as in the chemical process mdus- 
tries In addition, the existing facilities for trammg 
technicians and skilled workers, already organized 
on a vast scale, may be 1nereased and supplemented 
Although a great deal is known about the content of 
scientific and technological courses given m Russian 
educational mstitutions, little 1s known about Russian 
education for management and labour relations, and 
the key to the development of Russian society may 
le here. rather than m the growth of science or 
technology as such ‘“‘Already, however, a largely 
Victorian society 18 rumbling rapidly on the 
move, and we would do well to remember that 
the huge reservoir of highly educated persons 
now being created m Russia wil probably be 
capable of demanding something more than heavy 
industry ” 

At another meeting Miss J Woodward and T 
Lupton, of the University of Manchester, discussed 
the contribution of mndustiial sociology to manage- 
ment education In the development of management 
theory Miss Woodward indicated that the early 
period was dommated by pioneers who sought to 
establish management theory on scientific founda- 
tions and to formulate laws which would describe 
phenomena and explam the relationship between 
cause and effect m an industrial situation Classical 
management theory is based on the philosophy of 
the one best way, and is deterministic in that ib 
assumes that this one best way can be found by 
suitable study and research In the past twenty 
years a move away from determinism has taken 
place It is now generally accepted that similar 


administrative expedients can, and often do, produce 
considerable variations m results In the narrower 
field of the planning and control of manufacturmg 
operations, tools of operational research are being 
used to isolate the variables lmked with these vana- 
tions In the wider field of admmustratrve behaviour, 
the move away from determinism has had less satıs- 
factory results There ıs a tendency to fall back on 
phraseology and proverbs and to assume that all 
variations are dependent solely on personality differ- 
ences The essential step m the estabhshment of a 
scientifically valid theory of management is the 
isolation and understandmg of the variables m 
industrial situations The most mmportant facet of 
the investigations made by Miss Woodward in south- 
east Essex was not its challenge to classical manage- 
ment theory but its attempt to isolate one major 
variable in industrial situations from that of the 
actual techniques of productzon and to link this 
vanable with observed variations m results The 
information collected suggested that the techniques 
of a particular system of production xmpose demands 
on the human bemgs involved which limit and con- 
trol ther behaviour 

Studies of the behaviour of workers by Lupton 
and lus colleagues have led to conclusions similar 
to those feached by Woodward in her studies of 
management. The behaviour of workers 1s influenced 
by such factors as the productive methods employed, 
the related admumustrative structures of the firm, and 
market factors In the past five years six detailed 
investigations of the behaviour of workers, usmg 
participant observation as the mam, research tech- 
nique, have been carried out In only one of these, 
carried out among male engimeermg workers, was 
there behaviour resembling that found m the Bank 
Wirmg Room of the Hawthorne experiments, that 
1s to say, group controls over the level of output 
and earnmgs In some workshops evidence was found 
of individualism and competitive striving as the 
norma] mode of behaviour, while in others there was 
an absence of a clearly defined code of conduct 
relating to output and earnmgs Further research, 
taking fuller account of other factors, may lead to 
a situational theory of workers’ behaviour which 
challenges many of the naive sociological and psycho- 
logical generalizations which pass as ‘principles of 
human relations’ 

In a discussion on government policy and company 
pension schemes for manual workers, V R Jackson, 
head of the Pensions Department, Unilever, Ltd, 
argued that employers would be unwise to ‘contract 
out’ of the graduated part of the State scheme which 
comes into force in April 1961 Agamst this, H A R 
Barnett, a consultmg actuary, provided many reasons 
why employers should seize the opportunity to 
contract out 

The effect of equal pay on employment policies 
was examined by R E Griffiths, secretary to the 
Local Authorities’ Conditions of Service Advisory 
Board During the past five years equal pay has been 
introduced ın the pubhe services—imeludmg the Civil 
Service, the Local Government Service (meludmg 
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teachers), the nationalized industries, and the Health 
Service Progress to man’s rate of pay 18, by mstal- 
ments, to be completed m 1961 

From observations of the workings of equal pay, 
Jackson has concluded that, where there 1s freedom 
of choice, equal pay will encourage the appomtment 
and promotion of men m preference to women, 
equal pay may mean less security for women m 
times of recession , where women form a substantial 
proportion of an employed group, as m the basic 
teaching grade, equal pay-rates will tend to be lower 
than for a solely male group, and scales may be 
longer This will tend to drive men out of the group , 
the increase in the mequity of living standards between 
family men and smgle women without dependants 
1eceiving equal pay will probably necessitate some 
form of additional family allowances, and, finally, 
equal pay raises costs, and may force reductions m 
the numbeis employed 

The concludmg session was concerned with the 
interaction of operational research and peisonnel 
management The organization and mode of workmg 
of an operational research department was described 
by Stafford Beer, head of the Department of Opera- 
tional Research and Cybernetics, United Steel 
Companies, Ltd 

Operational research involves the application of 
the methods of science to operations, whether military, 
industrial economic, or of any other kind It has to 
consider systems of men and machines, materials 
and money, ıt 1s concerned with the regulation of 
these systems, with ther decision processes, with 
ther operation for maximum profit or mmimum 
wastage or optimum use of resources Operational 
research deals with the strategy of operations 
not from general concepts of what management 
‘ought’ to be like, but from the scientific principles of 
quantification, of inference, of experimental and 
analytical technique 

Beer suggested that operational research was 
relevant to personnel rhanagement foi three reasons 
First, the task of managmg operational research 
itself has been little considered by those responsible 
for personnel management Most big companies in 
most industries employ operational research workers 
These depaitments have to be organized, and their 
organization poses very difficult and unusual prob- 
lems The departments have to be fitted mto the 
existing organization of the parent company or 
stitution on & routine basis, and this also raises 
difficult issues The growth of this activity has been 
1apid ıt has led to an extremely mtractable educa- 
tion and training problem in which few educationists 
have taken an interest Staff are still particularly 
hard to find, and their suitability hard to assess 
By mformmg themselves about the topic of opera- 
tional research, about its capabilities, its organization 
and its staff, personnel managers would put themselves 
in & position to help both ther companies and the 
operational research movement to achieve a properly 
organized and integiated activity 

Secondly, an operational research discussion of its 
own organization is of possible interest to personnel 
managers m another way Organization is itself a 
typical subject of operational research study In 
discussing the organization appropriate for opera- 
tional research, points of interest for other kinds of 
organization may well be uncovered The third point 
of relevance for personnel managers 1s the most 
mnportant Operational research can certamly be 
applied to personnel problems themselves Personnel 
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management could well commission studies in its 
own field of problems, when operational research 
would be found capable of handhng systems of 
exclusively human components. A good demonstra- 
tion of 16 m practice was given by L T Wilkms and 
Herbert Mannheim in them scientific attack on 
operational problems of the Borstal system This has 
been hailed as the greatest advance in penology for 
twenty-five years 

The appheation of operational research to the 
understanding of human bemgs was considered by 
Prof R W Revans, of the Department of Industrial 
Administration, University of Manchester The 
human problems of industry are not so much with 
individuals as with groups There might be profit in 
trymg to understand the nature of authority, the 
ways 1b 1s exercised and the effects that ıt produces 
The highly complex relationships perceived as 
authority, namely, the willingness of one man to do . 
what another man wants him to do, may change 
ther nature simply by bemg discussed ‘To that 
extent these problems do not have the objectivity 
that 1s often regarded as a necessary attribute of 
scientific material There 1s no evidence, for example, 
to suggest that if one hundred men sit down and 
talk about the law of gravity for a week, the nature 
of the law ıs ın any way changed But if one hundred 
men sit down and talk for a week about a strike m a 
motor factory, ıt ıs hkely to make the strike very 
much worse There is a difference between the study 
of the social problems of mdustiy and the study of 
the problems of classical science, but ıt does not deny 
the validity of observational methods ın the study 
of society 

A particular study of authority arises out of some 
work that Revans and his colleagues were mvited 
to do at hospitals m the 1egion of Manchester 
The immediate and urgent problem was—and still 15— 
that there are nothmg like enough nurses in our 
hosprtals and there seems little promise of obtamung 
substantially more 

An Indian student spent two years laboriously 
tracmg the 1ecords of more than four thousand 
hospital employees m five comparable hospitals in 
Lancashire, and im 1958 brought out the first con- 
clusions Srivastava showed that, first, the voluntary 
wastage of nursmg students durmg thei three years 
of traming differed significantly from one hospital 
to another and that, secondly, the hospitals with 
high voluntary wastage-rates among students had 
high wastage-rates among other members of staff, 
such as cleaners, auxilary nurses, ward sisteis and 
even the matrons themselves All popular explana- 
tions, such as early marriage, the attractions of bette: 
paid jobs in the same town, even the decay of modern 
youth to-day, were shown to be illusory There 
appears to be about every hospital some factor of 
cohesion which determines whether anybody in its 
service will want to stay there or not, and this 
cohesion (or lack of it) extends up to the mation and 
down to the most junior nurses 

It appeared that this factor of cohesion mught 
have other manifestations If the staff were prepared 
to stay at one hospital twice as long on average as 
at another, one might expect this to bo reflected in 
some effect upon the patients Srivastava found that 
the order m which the hospitals were placed for their 
ability to rotam them student nurses was precisely 
the same as the order m which they were placed 
for the ‘length of patient stay’ Srivastava chose 
cases which were, between hospitals, most directly 
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comparable For this he chose cases of appendicitis 
Durmg the year 1958, considerably more than a 
thousand people were operated upon for this com- 
plam m five hospitals, a perfect fib was found 
between the percentage of student wastage and the 
average length of patient stay Average wastage 
ranged from 38 per cent m the hospital best able to 
retam its students to 65 per cent m the worst, the 
mean length of stay foi appendicitis ranged from 
7 6 days to 119 A significant concordance between 
all staff wastage and all clinical conditions exammed 
was also found Altogether, more than 5,000 cases 
of appendicitis, hernia, colectomy, partial gastrec- 
tomy, cystoscopy, asthma, bronchitis and pneumonia 
and head imjuries have been examined, making 
allowance for differences between hospitals that have 
convalescent homes and those that have not, the 
hospital that can keep its staff longer can also deal 
with rts patients more quickly 

This new law remforces confidence m the organic 
concept of the hospital, it suggests that staff and 
patients seem to be influenced to the same extent 
The source of this influence must be sought m the 
wards themselves It has already been found that, 
im the hospitals with the high wastage rates, the 
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student nurses particularly, but other nursing staff 
as well, complain of a general uncertainty about their 
work, ther instruetions often appear to be hap- 
hazard and i6 seems difficult to get decisions out of 
them committees ‘‘A student nurse of 19 may not 
be afraid of hard work, does not complam about her 
money or the pleinness of her diet, but 18 terrified 
of bemg put mto situations which she does not under- 
stand because they have not been explamed" A 
feehng of helpless ignorance is more corrosive of 
morale than the fear of any official rebuke which 
such ignorance may brmg down The girl who 
becomes a nurse has enough concern for her work to 
fortify her agamst the terrors of authority as such 
But rf she feels that she cannot carry her responsibility 
to her patients because she does not know what to 
do, she will in the end withdraw from an impossible 
situation, very often with regret 

Revans also drew upon later mvestigations to 
examine whether or not the character of the mdi- 
vidual hospital is tied up with resistances to the 
friendly exchange of views and arrrval at decisions 
Ho suggested that this mquiry mto the nature of 
authority will lead to new fields of mquiry and 
understanding 
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ALKALI ION DETERMINATIONS BY MEANS OF 
GLASS ELECTRODES 


HE possibility of measurmg alkali ion concen- 
trations m aqueous solutions by means of an 
electrode potential offers many advantages over other 
physical methods such as the flame photometer 
Smce the publication m 1957 by Eisenman, Rudin 
and Casby! on the sensitivity to sodium and potassium 
ions of glass electrodes made from sodium alummo- 
siheate glasses, interest ın the subject has been 
growmg rapidly and a Research Colloquium was held 
in the Department of Glass Technology, University 
of Sheffield, on May 6 to discuss the theory of the 
electrodes and some possible fields of application 
Dr G Mattock (Electron Instruments, Ltd ) 
remumded those present that the development of 
glasses responsive to alkali metal ions has always 
been a possibility from the early recognition m 
studies on pH of glasses showing ‘alkaline error’ In 
broad terms, the first requirement is to develop a 
glass which has a large alkali metalion error There 
seems to be no fundamental difference between 
glasses functioning for pH and those for alkali metal 
ions all electrode glasses show some sensitivity 
both to hydrogen and to alkah metal ions, even, 
apparently, to other smgly charged cations such as 
ammonium The chief problem in devismg composi- 
tions 1s the achievement of selectivity to a given 10n 
m the presence of others 
Lengyel and Blum’, Nikolsku and his co-workers?, 
and Eisenman, Rudin and Casby! have all shown 
the importance of aluminium and/or boron in promot- 
ing alkah metal response when substituted for silica 
ma glass The last-named workers have carried out 
a very exhaustive study on the Na,0 — A1,0, — $10, 
ternary system and have worked out extensive 
theories to cover the whole field of specific mteractions 
at surfaces! The fundamental mportance of 10n- 
exchange 1s accepted, the theory considermg the 


factors affecting electrostatic attraction between 10ns 
in solution and the glass surfaco The relative selec- 
tivity of glass response to different cations 1s qualita- 
tavely accounted for m terms of the competing effects 
of negative fields due to residual charges on oxygen 
ions (caused by the isomorphic mtroduction of 
trivalen& aluminium or boron mto the tetravalent 
sihcon framework) and the hydratmg tendencies of 
the bare cations At low negative field-strengths on 
the lattice the ability to dehydrate a cation is weak, 
so that the order of selectivity (considered to depend 
on the effective radi of the ions) is related to the 
order of size of hydrated radu At high field-strengths, 
this order can be reversed, and with mtermediate 
fields, mtermediate orders can be obtamed—but 
significantly only eleven are theoretically predictable 
and only eleven have been found These orders are 


(1) Cs, Rb, K, Na, Ia (7) K, Na, Rb, Ia, Cs 
(2) Rb, Cs, K, Na, la (8) Na, K, Rb, In, Cs 
(3) Rb, K, Cs, Na, Ia (9 Na, K, Li, Rb, Cs 
(4) K, Rb, Cs, Na, Ia (10) Li, K, Rb, Cs 


a, 
(b) K, Rb, Na, Os, Ll Li, Na, K, Rb, Cs 


(6) K, Rb, Na, Li, Cs 


Exsenman and Rudin are shortly to publish a full 
description of their treatment 

Dr Matlock had been prmerpally concerned up to 
now with studying the inductive effects of different 
polarizing substituents on the selectivity properties 
of glasses, and with obtaining easily workable glasses , 
a disadvantage of the origmal compositions of 
Eisenman, Rudm and Casby havmg been ther 
extremely high softening pomts, makmg them 
difficult to fabricate into electrodes Collaboration 
with Dr Eisenman has now enabled development to 
be made on the basis of the Eisenman and Rudm 
theory, giving both ease of workability and umproved 
selectivity Glasses responsive to potassium have 
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also been made There seems to be a wide field of 
appheation m chemical analysis, m salmiby measure- 
ments on waters and souls and m various mdustrial 
fields, as well as m biochemical and medical spheres 

Dr W Bartley, Mr A Renshaw and Miss B M 
Notton (Cell Metabolism Research Unit, University 
of Oxford) deseribed tests carried out on experimental 
electrodes of aluminosihcate glasses prepared in the 
Department of Glass Technology, Sheffield Sodium 
alummostihcate glasses similar to those recommended 
by Eisenman for sodium ion measurements were 
compared with sodium alummo-borosiheate glasses, 
m which some alumina and/or silica had been replaced 
by boric oxide in order to improve the technological 
properties 

Electrodes were filled with an acetate buffer 
(0 15 M sodium acetate + 0 1 M hydrochlone acid 
pH 48) m which dipped a silver — silver. chloride 
electrode The reference electrode was of the Beck- 
mann ‘fibre’ type, the potentials were read on a 
“Vibron’ electrometer (Electrome Instruments, Ltd ) 
and recorded on a ‘Record’ pen recorder The poten- 
tials were measured of solutions of sodium, potassium 
and lithium ions and hydrochloric acid ranging from 
M to 10-5 M and of mixtures of sodium and potassium 
10ns in the same range All solutions except hydro- 
chloric acid were buffered to pH 10 by the addition 
of tres(hydroxymethyljammomethane The test solu- 
tions were left in contact with the electrode until a 
stable voltage was recorded and the time taken for 
this to oceur was noted 

In Table 1 the rates of change of voltage with 
concentration are given for each of the four cations 
with each glass In general, the slopes with sodium 
10ns were similar to those with hydrogen 10ns, rangmg 
between 50 and 60 mV for each tenfold change of 
concentration The slopes with potassium and 
lithram ions were some half to three-quarters of that 
with sodium and varied considerably with glass 
composition It can be seen that the mtroduction 
of boric oxide has caused no systematic change m the 
alkali 1on sensitivities of the sodium aluminosibeate 
glasses 

Table 2 shows the voltages developed ın molar 
solutions of the 1ons The values for M H* and 
M Nat are considerably higher than the values for 


Table 1 RESPONSE or VARIOUS GLASS ELECTRODES TO CHANGES IN 
IoN CONCENTRATION 





Average slope (mV /p unit) with 
id Lit H+ 





Glass Nat Kt 
NAS 11-18* 52 34 22 52 
NAS 13-20 50 36 40 56 
NAS 123-121 50 40 50 80 
NABS 1/11j4t 58 30 50 52 
NABS 1/1/45 52 84 46 49 
NABS 1/3/3]6 55 42 34 57 








Table 2 VOLTAGE GIVEN BY VARIOUS GLASS ELECTRODES WITH THE 
SAME CONCENTRATION OF DIFFERENT IONS 





Voltages (mV ) with molar concentration of 
Nat Kt Li+ H+ 














Glass 
NAS 11-18* + 93 ~ 102 — 26 + 138 
NAS 13-20 + 100 — 47 —8 -+ 181 
NAS 121-121 + 100 — 36 t 10 + 185 
NABS infj4t +91 — 90 — 16 + 162 
NABS 11/45 + 96 om 56 — 18 4- 129 
NABS 1134/6 + 88 — 82 — 48 -+ 100 








* Molecular per cent of sodium monoxide and alumina respectively 

T Molecular ratios of sodium monoxide/alumma/boron trioxide 
sihes Thus it may be noted that sodium aluminosilicate 12 5/12 5 
is equivalent to sodium alumino-borosilieate 1/1/0/6 
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M X* and M L Again 1t 1s difficult to observe a 
consistent trend on the mtroduction of borie oxide. 
The behaviour of the electrodes was mvestigated 
under the important practical conditions oceurrmg 
when two alkah 10n species were present simultane- 
ously It was anticipated that potassmm, for 
example, would interfere with the sodium response of 
the electrodes when the voltages produced by the 
two 10ns separately were about the same Thus M 
potassium chloride would be expected to interfere 
with all solutions of sodium chloride below 0 001 M 
In the sodium alummosihcate series of glasses this 
was true, but m the sodium alummo-borosilicate 
series interference of the potassium ion already 
occurred at 0 1 M sodium chloride In general, it 
was not found possible to predict the response of an 
electrode to a solution containmg two 10n species, 
on the evidence of its response to each separate 10n 
Thus the mtroduction of boric oxide into the sodium 
alumumosilcate glasses caused a great deterioration of 
specificity nob revealed by the data of Tables 1 and 2 
The time taken for the electrodes to register a 
stable voltage was also measured It varied with 
the composition of the glass and also with the 
composition of the 10n mixture, but, m general, it 
was increased by the introduction of boric oxide 
Thus, the sodium alummosilicate glasses reached 
equilibrium m a matter of a few mmutes while the 
sodium alummo-borosiheate glasses took some hours 
to reach equilibrium AH electrodes responded fastest 
at pNa 1 and most slowly at pNa 2 or 3 In the 
presence of potassium ions the equilibration time 


-was increased but the electrodes still reached 


equilibration fastest at pNa 1 and slowest at pNa 2 
or 3 

Of the glasses tested the most useful and least 
subject to various mterferences were the sodium 
alummosilicate series; of these sodium alummo- 
silicate 11-18 was the best Measurements were 
made of the sodium content of standard solutions of 
various sodium salts with a sodium alummosilicate 
11-18 electrode calibrated agamst sodium chloride 
With this system, although the measured and 
standard solutions usually agreed to withm 10 per 
cent, divergencies of up to 40 per cent could occur 
However, differences of less than 1 per cent in the 
sodrum content of two solutions of a given salt could 
be detected easily by the use of the electrodes, 
although the precise concentrations of erther solution 
could not be measured accurately ž 

It was concluded that the electrodes used could 
not be rehed upon for accurate measurements, but 
were capable of giving a sensitive indication of 
changes m 10n concentrations . 

Dr J S Stanley (J A Radley’s Industrial 
Research and Development Laboratories, Reading) 
described the application of glass electrodes responsive 
to sodium to the study of mucelle formation in 
solutions of paraffin cham salts and dyestuffs Aggro- 
gation is easy to detect from the fall m the activity 
coefficient of the sodium 10n, which occurs above the 
critical micelle concentration The eritacal micelle 
concentrations of sodium laurate, sodium lauryl 
sulphate and dioctyl sodium sulphosuecemate determ- 
med by this method agreed well with previous 
determmations by other methods, and aggregation 
m several dyestuff solutions has been detected. 

The method ıs particularly useful for determmmg 
the association of the counter 10n with the micelle, 
since the electrode determimes sodium lon, activities 
directly Dr Stanley said that, so far as he could 
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Fig 1 Diagrammatic section through a tubular type of glass- 
to-silver sodium elgatrodg Measurements are approximately 
em x em 


ascertain, this was the first time that glass electrodes 
responsive to sodium had been applied to problems 
outside the biochemieal field 

Dr J A M Hmke (American Life Insurance 
Medical Research Fellow, Department of Biophysics, 
University College, London) discussed the application, 
of glass electrodes responsive to alkali ions m 
experimental biology and medicine He reviewed the 
design and performance of a tubular type sodium 
electrode for measurmg plasma sodium of an anes- 
thetized ammal (Fig 1)§ A thin bulb was blown m 
the middle of a tube of Eisenman sodium alummo- 
silicate 11-18 glass and electrical contact was made 
to the outer surface by a coatmg of silver Potential 
changes were amplified with a Cary vibrating reed 
electrometer and recorded on a Grass model 5 poly- 
graph The electrometer provided enough gam to 
detect changes of 1 milliequivalents soduum/ltre m a 
total of 140 milhequivaslents/htre Such performance 
indicates two possible advantages of these electrodes 
over the alternative method of flame photometry for 
alkah ion determmations, namely, the detection of 
less than 1 per cent change m sodium concentration 
and the possibility of contmuous recording 

Evidence was presented that changes m the 
flow-rate mfluence the response of the tubular elec- 
trode, but ıt was shown that this lumitation can be 
mimunized by a suitable design of the electrode shape 

A second apphcation of glass electrodes has been 
made on a micro scalo (see Nature, October 17, p 
1257), the glass for which was supphed by Friedman 
(University of British Columbia) and behaved 
similarly to Exsenman’s sodium aluminosilicate 1l- 
18 and 27-8 glass Table 3 indicates the performance 
of a microelectrode sensitive to sodium over the 
physiological molar concentration range of sodium 
and potassium at pH 8 12 Other experiments were 
cited which mdicated that hydrogen ion interfered 
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significantly below pH 6 5 but that affects of pH 
could be ignored between pH 7 and 8 Over this 
biological range of sodium, potassium and hydrogen 
ions, the electrodes behave according to Eisenman’s 
modified empirical formula? 


VoL 184 


RT z 
E-E + In(ax, + Ex; Ox) 


where E is measured electromotive force, W° ıs 
standard potential, ay, and ax are activities of 
sodium and potassium ions respectively and kyax 18 
empirical constant for a given glass composition 


EXPERIMENTAL RESPONSE (MV ) OF SODIUM ION SENSITIVE 
MICROELECTRODES 


All solutions buffered to pH 812 with 02 N tms(hydrosymethyl)- 
aminomethane and 0 1.N hydrochloric acid 


Table 3 





[K+] 0 016|[K*] 0 04] [K+] 0 08) [K+] O 12] [K+] O 16 





[Na*]0 016 | — 535 — 535 | —530 | ~535 | ~ 535 
[Nat] 0 04 — 310 — 310 | ~310 | — 310 | ~ 310 
[Nat] 0 08 — 135 —130 | —130| —185 | ~135 
Eas] à 18 — 35 -895 —35 —40 -40 
[Na*] 0 16 +35 +35 +35 +35 +30 








Given standardized sodium and potassium selective 
electrodes, the potential of each can be measured m 
an electrolyte system and the equation can be solved 
for Ay, and Ay simultaneously This has been done 
inside muscle cells of crab and lobster using the 
microelectrodes as already described in Nature (loc 
cut ) 

The discussion which followed emphasized the 
practical advantages of determmmge alkali ions by 
electrodes rather than by flame photometry, these 
electrodes can give greater sensitivity, they can be 
used non-destructively with contmuous recording and 
they give a direct determmation of activities, instead 
of total concentration, which may be of great 1mport- 
ance in biological or colloidal systems The theory of 
action of the electrodes was discussed at some length 
and the need for a fuller mvestigation of the effects 
of varying the glass composition was emphasized 

J O. ISARD 


apio G, Rudin, D O, and Casby, J U , Scunce, 126, 831 


* Lengyel, B , and Blum, E , Trans Farad Soc , 80, 401 (1934) 

s Nikolsku, Shul'ts and Peshekhonova, Zhur fiz Khim , 82, 202 (1958) 

5 Eisenman, G , Rudin, D O , and Casby, J U , paper presented at 
10th Ann Cong on Electrical Techniques ın Medicine and Biology 
of the ATHE,ISA and IRE, Boston, Nov 1957 

5 Friedman, 8 M , Jamieson, J D, Hinke, J A M, and Friedman, 
O L Proce Soc Exp Biol Med , 99, 727 (1958) 

t End , Rudin, D O , and Casby, J U, US Patent Office, 


POLARIZATION OF LIGHT FROM NOCTILUCENT CLOUDS 
By GEORG WITT 


Institute of Meteorology, University of Stockholm 


Nb E. of the polarization of light 
from noctilucent clouds have recently been 
made m Sweden A commercial 35-mm stereo- 
camera body was fitted with a pair of f/1 65, 50 mm 
Petzval projection lenses Rotatable ‘Polaroid’ 
filters, geared to remam mutually perpendicular, 
were mounted im front of the lenses Sliding Wratten 
gelatine filters were used to select the desired range 
of wave-lengths The mage sizes were 22 mm x 


22 mm, 1 mm corresponding to approximately 1° 
in the field of view 

This equipment was set up for operation at Torsta 
(lat 63 3* N , long 14 6° E ) during July and August 
1958 The station has been used for noctilucent 
cloud observations since 1955 (see refs 1 and 2) 
A brilhant display, m good visibility conditions, 
occurred on August 10-11, 1958, and a sequence of 
polarization measurements was carried out as follows 
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The camera was directed at a bright 
feature m the cloud system Know- 
ing the position of the Sun, the 
‘Polaroid’ filters were orientated 
to be parallel and perpendicular 
to the plane contammg the Sun, 
the eloud, and the observer Two 


pof 


50 
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puces 









exposures were made in quick 
succession with two different colour 
filters, the first centred on 4900 A, 
the second on 6100 A (effective 
centres on the emulsion used) 
Exposures varied from 5 to 60 sec 
on Kodak Plus-X emulsion The 
procedure was repeated for different 
cloud features covermg as wide 
a range as possible m solar elonga- 
tion Neutral step-density filters 


40 


30 





were photographed on the same 
emulsion, and developed with the 
cloud records, to provide calbia- 
tion for subsequent analysis by 
photodensitometry Neutral step- 


denmty filters were photographed 20 





on the same emulsion, and devel- 
oped with the cloud records, to 
provide calibration for subsequent 
analysis by photodensitometry The 
brightness of the features used 








was at least four times greater 
than that of surroundmg minima, 
which must melude the twihght 
foreground light Thus no correc- 
tion for this component was con- 


























sidered necessary 








The mterpretation of these results 
is based upon the Mie theory of 
scattermg of hght by small par- 
tacles (see Van de Hulst?) If 
ZI, and I, are the imtensriies 
of the components of the scattered hght polarized 
perpendicular and parallel to the plane of meidence 
and scattermg respectively, then the degree of 
polarization of the scattered light is defined as 
P = (I, — Iai + Ia) In this application, the 
cloud 18 assumed to be illummated by natural hght 
from the Sun The theory predicts that the polariza- 
tion and intensity of scattered hght are functions of 
the scattermg angle 9, the size parameter 72 = xr/), 
where r 18 the radius of the particle and the optical 
wave-length, and of nz, where n 1s the refractive index 
of the particle At low elevation angles, selective 
extmetion in the atmosphere ıs serious, but there 1s 
no reason for expecting the polarization to be sig- 
nificantly affected This is an important advantage 
of polarization over spectral observations 

In Fig 1 the horizontal scale is the computed 
scattering angle and the vertical scale 1s the degree of 
polarization The lumitig case of Rayleigh scattermg 
is shown by the sohd curve The broken Imes show 
the predicted polarization for particles with œ = 
1 0, 1 2 and 1 5, as indicated, 1f the refractive mdex 
nis 155 Forn = 133 (water) the values of v are 
those givenim brackets Measured polarization values 
are shown by the symbols, which are of different 
shape for different pairs of exposmes Seven blue and 
eleven red exposures were made on various parts of 
the cloud over a period of 3 hr Open symbols refer 
to the blue wave-length, and filled symbols to the red 

Pomts to note are as follows The observed 
behaviour 1s of the kind predicted by the theory for a 


Fig 1 
the blue wave-length (A = 4900 A ), and filled symbols to the red (A = 6100 A ) The 
magnitude of an allowed seatter of 5 per cent is shown by straight lines at the bottom 





30 


Degree of polarization ag a function of scattering angle Open symbols refer to 


+- * 
50 60 $ degrees 


rather hmted range of particle sizes, and the same 
range of sizes accounts for the results on the two 
separate wave-lengths Systematic errors of analysis 
could scarcely be mvoked to account for this regularity 
of behaviour Thus a value of the radius r = 
(10+01) 10-5 cm (n = 1 55) accounts for the 
results There ıs evidently not an appreciable pro- 
portion of particles of larger than 2 x 10- em radius, 
one cannot say if there are smaller particles present 
There ıs no evidence, so far, of any change in the 
effective radius durmg the progress of the display, 
or from place to place m the cloud 

Further polarization measurements are being made 
Stereophotogrammetric results obtamed at Torsta 
on the same cloud have shown that the material of 
the cloud moved m a south-westerly direction with a 
velocity of the order of 100 m /s, while a system of 
bright waves moved more slowly in the reverse 
direction The effect has been demonstrated m a 
convincing manner by time-lapse films taken of these 
and subsequent clouds It ıs the movement of the 
bright waves which has commonly been reported m 
the past‘ 

I am indebted to Dr and Mrs F Volz, and Mr N 
Wilhelm for valuable assistance The astronomical 
institutions of Stockholm and Uppsala provided the 
facilities for microdensitometry 


1 Ludlam, F , Tellus, 9, 341 (1957) 

3 Witt, G , Tellus, 9, 365 (1957) 

5 Yan de Hulst, H C , “Light Scattering by Small Particles” (John 
Wiley and Sons, Ine , New York, 1957) 

t Størmer, C , Astrophystea Norvegica, 1, 87 (1935) 
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REDUCTIVE PHOTO-BLEACHING OF EOSINE 


Primary Processes indicated by the Flash 
Technique 


T ıs well known that a de-aerated solution of eosme 
in ethanol when irradiated undergoes reductive 
bleachmg Imamura and Koizumi! concluded, from 
the kmetic studies of this reaction, that a semi- 
quinone radical with a life-time not less than 10-? see 
is formed from the triplet state of dye and ethanol 
The primary processes of this photo-bleaching have 
now been studied by the flash technique, and m 
addition to semiquimone, another mtermediate with 
a life-time of the order of 10-? sec was found spectro- 
scopically A photolysis flash lamp and a spectro-flash 
of ‘half-width’ approximately 60 and less than 20 usec 
respectively were used ‘The results obtamed may be 
summarized as follows 
At 0 6 msec after the start of the photolysis flash, 
the main absorption of eosine decreased to 60 per 
cent of that of the intial solution and a transient 
increase of absorbance was observed in the region from 
350 to 480 mz Subtracting from this the absorbance 
due to the remainmg eosme, the quantity of which 
was evaluated from the depression of the absorbance 
in the region of wave-lengths longer than 480 mu, 
the spectra of the transient species were obtamed 
(see Fig 1) 





Absorbance 








Wave-length (ma) 
Absorption spectra of transient species ın eosine 


mug 1 


Three peaks occur, at 373, 410 and about 450 mp 
After 5 msec., the peaks at 373 and 450 mp (A band) 
still mamtamed considerable mtensity, whereas 
410 mp (B band) declined appreciably After several 
minutes, the former band also completely vanished 
and the eosme spectrum was recovered, correspond- 
ing to 88 per cent of that of the original solution 
The 12 per cent loss ıs attributable, without doubt, 
to permanent bleachmg 

In the presence of air, neither transient spectral 
change nor permanent bleaching was observed The 
de-aerated aqueous solution of eogme also showed no 
such transient spectral change 

These results imply that two transient species are 
formed in the mutial stage of the reductive photo- 
bleaching of eosine, and that at a certam early stage 
after flashmg, most of the dye molecules are converted 
into such mtermediate species with life-times not less 
than about 10-? sec 

There 15 little doubt that the A band ıs due to the 
semiqumone radical of eogine. As regards the B 
band, it ıs cortam that this ıs not due to a triplet 
state, because no similar band i8 observed in an 
aqueous solution ın which the triplet state is not 
deactivated so efficiently as m ethanol solution 


Hence the B band must be attributed to some 
unknown molecular species which perhaps precedes 
semiquinone, ıt would be reasonable to attribute 
this to a certam kind of molecular complex between 
excited dye and ethanol 

The primary processes of the photo-bleachmg may 
be pietured as follows 


D + w => D* q 
D* => D + he’ (2 
D* > D i 
D: + RH > 4) 
X + D + RH (5) 
x > DH" + R (6) 


where .D and RH represent dye and ethanol, and X 
18 the molecular complex suggested above , the other 
symbols have the usual meanmg This scheme 
accounts for all the experimental results, meludmg 
those formerly obtained from kinetic studies Only 
two of them will be taken up here (a) The observa- 
tion that only 12 per cent ıs permanently bleached 
in spite of the fact that almost all the dye molecules 
are converted to intermediates with life-tumes not 
less than about 10-3 sec 1s due to process (5), which 
plausibly praceeds faster than (6) (b) The fact 
already established that the reductive photo-bleaching 
is completely mhibrited by the presence of a very 
small quantity of oxygen 1s mterpreted as due to X 
bemg deactivated by oxygen by the process 
X+0,-D+RH +0, Imamura and Koiumi's 
scheme that semiquinone is destroyed by oxygen 1s 
not m agreement with the fact that the B band 1s 
not observed m the aerated ethanol solution 
SmHuN Karo 
Masao Koizumi 


Effect of Added Substances on the Rate of 
Reductive Photo-bleaching 


TuE aleohohe solution of eosme, when de-aerated 
and mradiated by visible hght, undergoes photo- 
bleaching which proceeds via the formation of & 
semiquinone of the dye! The effect of the added 
substances on the rate of bleachmg has now been 
exammed, and it 18 found that some substances 
accelerate the rate appreciably and in a very specific 
manner 

A sample degassed carefully by repeated vacuum 
distillation was Wlummated by light from a tungsten 
projection lamp, transmitted through a filter cutting 
off wave-lengths less than 450 mu 

Since the absorption spectra of the irradiated 
solution, 1n all cases, gradually declined, keepmg the 
same shape as that of the origmal solution, the rate 
of bleaching was traced simply by measurmg the 
absorption spectra at surtable time mtervals with a 
Hitachi spectrophotometer EP U-24 

The rate of bleaching can always be expressed by 
the formula 


de k 
à "^ 
where c 1s the concentration of dye in mole[htre, 
I, 18 the mtensity of Wummatmg hght (mole em ~? 
860.71), o. 18 the effective molar absorption coefficient 
and d the thickness of the solution m centimetres 
Integration, of (1) gives 


In(exp gead — 1) — In(exp acd — 1) = 103 klt (2) 


{1 — exp(—aed) } x 10 (1) 
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By using the properly determined value of «, one 
can obtam k from the melmation of a lnear plot of 
In(exp acd — 1) against t 

Typical results showing the effect of the added 
pei are summarized m Table 1 (temperature, 

5°C) 
Table 1 
RETARDING EFFECT 





























Isopentane n-Hexane 
Mole fraction | Relative & Mole fraction Relative E 
0 20 0 309 0 59 
0 43 0 130 0 67 
0 84 0 073 0 89 
0 85 0 047 101 
0 1 1 
Benzene Cyclooctatetraene 
Mole fraction Relative k | Mole fraction (x 10°) | Relative % 
0 220 061 650 0 
0 141 0 63 65 0 26 
0 0681 0 69 322 0 42 
0 0334 0 70 $ 07 001 
ACCELERATING EFFECT 
n-Hexene Cyclohexene 
Mole fraction Relative & Mole fraction Relative & 
0 0181 3 62 0 0295 64 
0 0119 2 69 0 0146 3 53 
0 00593 1 99 0 00726 2 43 
0 00296 T 74 D 00362 1 71 





Sınce all these substances scarcely affect the 
absorption or fluorescence of eosme, the effect on 
the rate ought to be caused mainly by them interaction 
with the triplet state of the dye, or with any other 
species produced from ıt If one assumes, as has 
usually been done, that the triplet state is deactivated 
by the retardig substances (Q-groups), according 
to the process Dt + Q — D + Q, then the relation 
7 = a + MONEE) (3) 
must hold approximately, where RH is ethanol 

This fits the expermmental results The effect of 
n-hexene and cyclohexene 18 very specific m that the 
rate increases accordmg to the relation (Fig 1) 


k =a’ + b'[P] (4) 


Assuming that these substances also attack the 
triplet state, then the above relation mplhes that the 
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0 01 
Mole fraction 


0 02 0 03 


Fig 1 Plot of & against the concentration of the added substances 


attack mamly results m the formation of semi- 
qumone without any accompanymg measurable 
deactivation process. This is rather curious m view 
of the behaviour of the Q group 

Another possibility to be taken into consideration 
18 that P attacks a complex between excited dye and 
ethanol (D H—R), smce the complex formation 
has now been confirmed by the flash experments 
(preceding communication) 

If one assumes that the two substances of the 
P group attack (D H—R) only m such a specific 
manner that R Ęıs detached from the latter, producing 
a more stable radical PR and leaving behind DH , 
then the rate of bleachmg would be mereased and 
the relation (4) can be accounted for 

A definite conclusion must, however, await further 
work, especially by the flash technique, since the 
introduction of the complex has made ıb necessary to 
examme more carefully whether the added substances 
of the P group and also those of the Q group attack 
chiefly Dt or (D * H—R) 
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CONTROL OF HATCHING IN THE PREDIAPAUSE EGGS 
OF AEDES MOSQUITOES 


By Da J D GILLETT 


East African Virus Research Institute, Entebbe, Uganda 


GGS of Aedes mosquitoes are usually laid above 
E water-level, where they may remam viable for 
long periods while awaiting submergence On 
flooding, however, they do not usually all hatch 
together, even though they may all be the same age 


Indeed, hatchmg, even in continuously submerged 
eggs, may go on m small instalments over a period 
of many months This erratic hatehing-response is 
well known, and results m a temporal spread of 
newly hatched larve—an obvious advantage to 
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species which tend to utilize small collections of 
water subject to wregular changes m level and to 
sudden drymg To the experimental worker, how- 
ever, wanting large numbers of larve of the same 
age, erratic hatehimg ıs a nuisance Hence, much of 
the work that has been done on this subject has 
tended to ignore the biological significance of erratic 
hatching and has concentrated on a search for a 
stimulus that will make all eggs hatch together 
Many such stimuli have been described over the 
past forty years, and the references are too numerous 
to melude here, suffice 1t to say that most of these 
involve a lowermg of the amount of dissolved oxygen 
m the water! While 16 ıs obviously useful to know 
what can stimulate hatching in Aedes eggs, xb 18, 
perhaps, of greater biological interest to study the 
factors which mhibit ib 

It has previously been shown that, shortly after 
reachmg embryonic maturity, unhatehed but sub- 
merged and apparently hatchable eggs of Aedes 
(Stegomyia) aegyptr (L ) are overtaken, by a state of 
genetically determined diapause, the depth of which 
varies with the passage of time, the manner of this 
variation with time itself varymg from one egg to 
another? This obligate diapause differs m certam 
respects from many other mstances of diapause*® 
and can be broken at any stage by the application 
of a maxunal stimulus? In Nature, however, it 1s 
probable that this strength of stimulus is never 
found, and hence only a few eggs hatch each time a 
stimulus occurs Thus, hatching by small instalments 
is ensured, once diapause has been entered The 
onset of diapause, however, does not always comeide 
with the attamment of embryonic maturity and a 
variable amount of hatchmg sometimes occurs before 
diapause has been reached Indeed, prediapause 
hatehmg ıs usual in A (S) africanus Theo, A (S) 
agicoargenteus Theo , A (Fanlaya) longipalpis Grunb 
and m some strains of A aegypti? 

In a stram of A aegyptr, colonized in Entebbe, 
Uganda, ın 1958, from eggs sent from Ilobi, Nigeria, 
by Mr J P T Boorman, prediapause hatchmg m a 
proportion of submerged eggs occurs on days 3 and 4 
after laymg , entry to diapause of the remammg 
unhatched eggs occurs on day 5, after which no 
further hatching occurs m the absence of a hatchmg 
stimulus The proportion which thus hatch durmg 
the prediapause state varies widely from one batch 
of eggs to another, all proportions havmg been 
recorded from 0 to 76 per cent Faced with this 
extreme degree of variability, ıt 18 a remarkable 
fact that never do they all hatch durmg the pre- 
diapause period It would appear that some mech- 
anism comes into play which prevents unchecked 
hatching durmg this precarious period, thus ensuring 
that at least some eggs reach the diapause state It 
was postulated, therefore, that the first eggs to 
hatch might make conditions less favourable for the 
remaining unhatched eggs 

In order to test this hypothesis ıt was first neces- 
sary to mimimize variation by randomizing the eggs 
for parentage This was easily achieved by setting 
up a special colony of about 500 males and 500 
females, remfoiced by about 50 newly emerged 
adults of each sex per week, and makmg daily 
collections of the eggs which had been laid com- 
munally on a smgle small piece of moist filter paper 
When laying, the females do not deposit all, or even 
many, of the eggs m one place, but walk over the 
surface of the paper, stopping every few seconds to 
attach a smgle egg here and another there, and so 
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on It follows that, by the trme egg-laymg activity 
is finished, which in this species 1s restricted to the 
last two or three hours of the daylight period’, a 
mass of eggs results, any portion of which will be of 
mixed parentage It was taken as axiomatic that 
eaily-laad eggs usually reach embryonic maturity, 
and thus tend to hatch, before late-laid eggs, and 
the followmg account may be considered as an 
investigation into the possibility that hatchmg ın 
early-laid eggs depresses hatching ın late-laid 
eggs 

ae laid on filter paper on a single day were 
carefully washed and submerged in tap water on the 
day of laymg These are referred to as group A eggs 
For ease of handling and subsequent countmg, the 
day's lay was arbitrarily divided into ten sub-groups 
by cutting the paper at convenient places—each 
piece of paper bearmg approximately the same 
number of eggs Each piece was placed in a sterile 
glass tube contammg 3 ml tap water 24 hr 
later the next day's lay was similarly treated 
(group B), but the pieces of paper bearing the eggs 
were placed in the tubes of water already contaming 
the group A eggs Thus, each tube contamed two 
pieces of paper bearmg eggs, one (group B) bemg 
24 br younger than the other (group A) Both 
groups were kept submerged for five days at a tem- 
perature of 29° © and m constant ight The papers 
bearing the eggs were removed on day 5 (group A 
on one day, group B on the followmg day), and the 
hatched eggs counted under a bmocular dissectmg 
microscope The papers were then placed ın a 
medium contaming a maximal stimulus for a period 
of 24 hr m order to test for viability of the un- 
hatched eggs* The response was expressed as the 
number of eggs which hatched withm five days, out 
of the total number of viable eggs present The 
result of this initial tral (combmimg the ten sub- 
groups) supported the hypothesis that hatchmg in 
early-laid eggs depresses hatchmg in companion 
late-laid eggs, 51 per cont of group A eggs hatched 
(226/440), 26 per cent of group B eggs hatched 
(126/478) Nevertheless, with such vanable matenal, 
ib was decided to make a total of ten such trials, 
with ten sub-groups m each The full results, m- 
cluding those of trial 1, are shown m Table 1, from 
which 1b will be seen that all the results are in the 


Table 1  HaTOHING IN SUBMERGED PREDIAPAUSE EGGS OF A 

aegypti INFLUENOE OF HATOHING OF EARLY-LAID EGGS (GROUP A) 

ON LATE-LAID EGGS (GROUP B), BOTH GROUPS SHARING THE SAMB 
CONTAINER OF WATER 






































Interval Signiflc- 
1n hours ance at 
Tria] between Group A Group B x 1 per 
No ying Proportion Proportion (n—1) | cent 
A and hatched by hatched by level 
B day 5 day 5 + or — 
Per Per 
cent cent 
1 24 226/440 61 | 126/478 20 | 60 587 + 
2 » 209/476 44 | 172/534 32 | 14 659 T 
8 5» 302/5388 58 | 134/480 28 | 82 488 + 
4 a 250/635 39 | 122/502 24 | 28 914 + 
5 m 502/874 57 | 235/748 31 | 110 069 + 
6 $5 210/278 76 78/292 27 |185 827 T 
7 n, 871/1.000 87 | 184/568 32 3 108 - 
8 35 202/208 68 | 192/686 137 706 T 
9 2» 485/1,002 48 | 378/1,187 32 | 62 379 + 
10 m 276/440 63 | 169/411 41 | 38 897 + | 
Total 3,033/5,987 1,790/5,886 
51 per cent 30 per cent 
xi 504 515 
P<0 001 
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INFLUENOE OF HATOHING OF EARLY-LAID Eags (GROUP A TEST) ON 


LaATE-LAID EGGS (GROUP B TEST), BOTH GROUPS SHARING THE SANE CONTAINER OF WATER CONTROLS (GROUPS 4 AND B) RAOR IN CONTAINERS 
BY THEMSELVES 


















































Interval 
1n hours Group 4 Significance Group B Significance 
Trial between Proportion hatched by day 5 3 at 1 per Proportion. hatshed by day 5 x at 1 per 
No laying A (n = 1)] centlevel | (n — 1) cent level 
and B Control Test +o — Control Test +or — 
Per | Per Per Per | 
cent cent cent cent 
1 = 204/455 45 245/459 53 6 671 -+ 230/460 50 188/467 39 10 970 + 
2 273/529 52 268/577 47 2 952 _ 239/492 49 209/477 44 2 028 = 
3 24 274/548 51 258/472 55 1 786 ~ 220/579 38 163/588 31 6 758 + 
4 is 281/407 57 297/535 56 0 110 = 337/574 59 209,500 35 66 840 + 
5 is 295/470 49 270/472 57 5 842 — 223/453 49 189/384 49 0 056 — 
6 i 248/501 50 251/440 56 3 891 ~ 271/515 53 207/507 37 25 879 t 
7 T 0/5 47 263/526 50 0858 — 242/563 43 178/508 29 24 939 + 
8 y» 202/401 44 237/514 46 0 616 -= 339/702 48 101/566 29 48 497 + 
9 48 230/441 52 230/442 53 0 136 -— 217/447 49 177/405 38 10 204 t 
10 s 272/548 50 267/609 44 3 890 -— 365/718 51 145/546 27 75 950 + 
Total 2,489/5,023 2,592/5,055 2,683/5,508 1,816/5,182 
50 per cent 51 per cent 49 per cent 35 per cent 
x = 2 995 Æ = 205 813 
005 <P<010 P <0 001 


expected direction, the hatch m group B being 
significantly lower (P < 0 001) m every trial except 
trial 7 

While these results are consistent with the hypo- 
thesis, they can, of course, be mterpreted m the 
reverse way that the presence of group B eggs m 
some way enhanced the hatch m group A There- 
fore, a more critical experment was planned usmg 
separate controls for groups A and B Eggs of 
group A weie set up as test and control groups 
Similarly, eggs of group B were set up as test and 
contro] groups, group B test eggs bemg added to the 
water already containmg the group A test eggs 
The response was expressed as the proportion of 
group A test eggs which hatched within five days 
compared with the proportion of group A control 
eggs which hatched m the same period, and the 
proportion of group B test eggs which hatched withm 
five days compared with the proportion of group B 
control eggs which hatched m the same penod 
Agam, ten such trials were made with ten sub-groups 
in each tral, but the mterval between the laying of 
groups A and B was varied from between 1 and 2 hr - 
to 48 hr The results are shown in Table 2, and 
fully support the interpretation of the preliminary 
ten trials 

These consistent and clear-cut results based on 
large numbers of eggs leave little doubt that the 
first eggs to hatch m some way mfluence the remain- 
ing unhatched prediapause eggs Now, prediapause 
hatching 1s spread over a period of about 24 hr on 
days 3-4, which ıs much longer than would be 
expected on the strength of the age differences in a 
mass of eggs laid m a single egg-laymg period of 
3 hr While some of this scatter probably owes its 
origin to mnate variation on the part of the eggs 
themselves, ıt ıs perhaps increased by an influence ' 
from the first eggs to hatch It seems possible that 
as the number of early hatchers moreases there 18 a 
progressive delay im hatching of the remaining eggs 
until further hatching ıs prevented by the onset of 
diapause on day 5 This preliminary interpretation 
recerves some support from the results of & pilot 
tual Eggs obtamed durmg a single egg-laymg 
period were divided into three groups, A, B and C 
24 br later 100 and 1,000 newly hatched larve 
were added to groups B and OC, respectively. 
The proportion of eggs which hatched in the three 


groups by day 5 was as follows group A (control 
with 0 larvae) 362/678 (53 per cent), group B (100 
larvee) 323/673 (48 per cent), group C (1,000 larvz) 
270;721 (38 per cent) While these results are con- 
sistent with this view, and the differences are not only 
in the expected direction, but that between groups 
B and C 1s highly significant (x? = 15 838, P < 0 001), 
they would obviously have to be repeated many 
times before they could be accepted with con- 
fidence 
There is no information yet on whether the mfluence 
results indirectly from metabohe contammation of 
the medium, or directly from the action of some 
specific diffusible hormone Prelimmary trials have 
not shown any change in pH of the medium durmg 
this period, even when very large numbers of eggs 
are involved Some very interesting ^work has 
recently been done on the changes m permeability 
of the chorion ın Aedes eggs which occur durmg the 
transition from the prediapause to the diapause 
Sbate^?, and 15 would be mteresting to know if these 
changes are affected by the presence of 1ecently 
hatched larve m the medium 
Contrary to these findings, some of the early work 
on egg-hatching in this genus indicated that the 
presence of larva may mduce hatchmg in eggs kept 
in the same contamer?!? It is important to note, 
however, that these former 1esults were obtamed 
with eggs m the diapause state, m a later paper 
evidence will be presented which mdicates that 
hatching m diapause eggs may, in fact, induce 
hatching in eompanion diapause eggs by lowermg 
the threshold of response to a given stimulus Thus, 
whereas hatching m the prediapause state depresses 
further hatching, the reverse holds for diapause 
eggs 
TGjulhn, © M , Hegarty, C F , and Bollen, W B,J Cell Comp 
Physiol , 17, 193 (1941) 
* Gillett, J D, Bull Ent Res , 48, 241 (1955) 
5Gilett, J D , Bull Ent Res , 46, 255 (1955) 
* Andrewartha, H G , Biol. Rev , 27, 50 (1952) 
* Lees, A D ,'"The Physiology of Diapause n Arthropods” (Cambridge 
University Press, 1955) 
* Haddow, A J, and Gillett, J D , Ann Trop Med Parasit , 51, 
159 (1957) 
7 Beckel, W E, Canad J Zool , 86, 541 (1958) 
* Harwood, R F , and Horsfall, W R, Ann Ent Soc Ame , 59, 
113 (1959) 
* Young, © J, Ann Trop Med Parasu , 16, 389 (1922) 


30 Buxton, P A , and Hopkins, G H E, London Sch Hyg and 
Trop Med , Memoir No 1 (1927) 
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ROLE OF A DAGGER NEMATODE (XIPHINEMA SP.) IN OUTBREAKS 
OF PLANT DISEASES CAUSED BY ARABIS MOSAIC VIRUS 


By Da B D HARRISON 


Rothamsted Experimental Station, 
Harpenden, Hertfordshire 


Lo many years arabis mosaic virus was solely of 
academic interest, having been found by Smith 
and Markham! only m a smgle plant of Arabis sp 
growing m an insect-proof glasshouse at Cambridge, 
England its natural mode of spread was unknown 
Recently, however, one of us (C H C, ref 2) has 
shown by serological tests that raspberry yellow 
dwarf virus, a soil-borne virus described m 1958 by 
Harrison’, ıs closely related to and should be regarded 
as a stram of arabis mosaic virus Hence arabis 
mosaic virus clearly has a wide host-iange, for rasp- 
berry yellow dwarf virus causes severe diseases in 
raspberry var Mallmg Exploit and in several straw- 
berry varieties*? It also occurs naturally m white 
clover and in several weed species’, and Ib 1s one of 
several viruses involved? in the etiology of cherry 
diseases of the rasp-leaf type’ Moreover, 16 has been 
found on the continent of Europe? as well as 1n widely 
separated parts of England, Scotland and Wales** 
Little ıs known about the manner m which soil- 
borne viruses survive m soil and mfect plants, but 
Hewitt, Raski and Goheen” have presented evidence 
that grape-vine fanleaf virus is transmitted by 
Xiphinema indez, a large ectoparasitic, soil-mhabitang 
nematode with a long mouth-spear Infections with 
fanleaf virus occurred when X nde, collected fiom 
soul around the roots of diseased grape plants, were 
transferred to pots of sterilized soi in which healthy 
grape plants were growmg Moreover, the virus 
persisted with the nematodes when they were added 
to soil as much as 30 days before the grape plants*® 
Dagger nematodes (Xephinema spp) were fist 
recorded in Britain m 1959 They were found m 
Kent’, m soil collected from the site of an outbreak 
of arabis mosaic virus in strawberry, and also on land 
cropped with white clover ij Somerset!! We too! 
have noted the presence together of Xiphinema and 
arabis mosaic virus at sites m Somerset and Pem- 
‘brokeshire, and we now present the results of experi- 
ments m which the virus wes iegularly transmitted 
when dagger nematodes were present but not other- 
wise Very recently, Jha and Posnette!? have also 


AND 


Dr C H CADMAN 


Scottish Horticultural Research 
Institute, Invergowrie, by Dundee 


suggested that Xiphinema transmits this virus, for 
some healthy strawberry plants, growmg in pots 
contammg pasteurized soil, became mfeeted when 
suspensions of dagger nematodes, from soil infested 
with arabis mosaic virus, were added to the pots 


Distribution of Xiphinema in Crops affected 
by Arabis Mosaic Virus 


Diseases thought to be caused by arabis mosaic 
virus were found m widely separated parts of Britain® 
Outbreaks m raspberry, strawberry and white clover 
were selected for detailed study of (a) the 1dentaty of 
the viruses mvolved, (b) the distribution of diseased 
plants, (c) the distribution of dagger nematodes , 
and (d) the mfectivrty of soil from diseased and healthy 
parts of crops 

The viruses were identified serologically isolates 
from each of the sites hsted m Table 1 precipi- 
tated specifically with an antiserum to arabis mosaic 
virus Diseased plants occurred in patches at all 
the srtes Infected raspberry and strawberry plants 
showed typical symptoms, imfected white clover 
plants usually had chlorotic blotches on their leaves 
The virus was consistently isolated from diseased 
plants but not from normal-lookmg plants growmg 
outside the patches The soil samples were collected 
durmg a period of 12 weeks Ahquots (300 gm) of 
top-soil were used either to estimate the numbers of 
dagger nematodes present, or to grow a crop of pea 
seedlmgs (var Onward) m an msect-proof glasshouse 
Four weeks after sowing, the seedlings were washed 
free from soil and sap from their roots was moculated 
to leaves of Chenopodium amaranticolor to find how 
many of the seedings had become infected the 
proportion mfected was taken as an estimate of the 
infectrvity of the soil The dagger nematodes wero 
extracted fiom the soil by a sieving technique sumilar 
to that described by Goodey?? large pieces of plant 
debiis were first removed from the muddy soil sus- 
pension and this then passed through a 50-mesh 
sieve, which retamed Xiphinema The material 


Table 1  ASSOOIATION OF Xiphinema WITH OUTBREAKS OF DISHASES CAUSED BY ARABIS MOSAIO VIRUS 





Locahty Orop 


Methwold, Norfolk Raspberry (a) healthy area 
(b) diseased area 


(e) diseased area 


Tenby, Pembrokeshire Strawberry (c) healthy area 
(b) diseased area 
Fareham ‘.{' Hampshire Strawberry (a) healthy area 
(b) diseased area 
Fareham ‘3%’, Hampshire Strawberry (a) healthy area 


(6) diseased area 





Crewkerne, Somerset White clover (a) healthy area 


(b) diseased area 





Soil type No Xiphinema Infectivity 
per 300 gm soil of soul* 
Black peat fen 0 0j2 
Black peat fen 12 8/8 
Black peat fen 27 — 
Heavy loam 0 0/7 
Heavy loam 4 5/6 
Light shingle 1 0/3 
Light shingle 34 4/5 
Light shingle 0 0/8 
Light shingle 9 7/10 
Moist sandy loam 0 — 
Moist sandy loam 35 2/8 














* Five pea seedlings were grown for 4 weeks in each 300-gm ahquot of soil The in 
inoeulating sap from the pea roots to leaves of Chenopodium amaranticolor 


became infected, denominator 1s the total number 


eidence of virus infection was then determined b 
Numerator ıs the number of lots of so1l mm which pea seedlings 
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Table 2 EFFECT OF CHEMICAL TREATMENTS ON THE NEMATODE POPULATION AND INFECTIVITY OF SOIL 
No Xiphinema per kgm soi No uvm Infectivity of soil 
Chemical added 6 weeks after treatmentt ‘small nematodes't (No Date nee 
to soul* per kgm soil 6 weeks containing 
living Dead after treatment infected seedlings) 
None 21 0 5,02 
Ethylene dibromide (0 4 ml /htre soil) 0 Q 2 ane 
p aee (1 gm 20 per 
cent dust/htre sor 0 5 
Tetramethvlthiuramdisulphide ues n 
(2 gm 10 per cent dust/litre so11) 0 24 272 0/12 














* The mixtures of soils and chemicals were stored 1n sealed tins for 2 days They were then potted and pea seeds (5 per pot) planted after 


a farther 2 days 


Pentaehloromtrobenzene and tetramethylthiuramdisulphide dusts were provided by the Murphy Chemical Co 


+ Before treatment the gorl contained about 36 Xephinema per kgm soil 

+ ‘Small nematodes’ includes all nematodes that passed through a 50-mesh s1eve but were retained on a 160-mesh sieve 

§ Sin weeks after planting, the Incidence of infection in the pea plants was estimated as described in Table 1 Numerator 18 the number 
of pots containing infected seedlings and denominator 1s the total number of pots used 


extracted on the sieve was exammed m a syracuse 
dish under a binocular microscope This method was 
shown to recover at least 75 per cent of the Xiphinema 
m the soil 

Table 1 gives results for a selection of sites, and 
shows that, although arabis mosaic virus was previ- 
ously recorded only in sois of medium-heavy texture, 
it 1s not restricted to these, and that serious disease 
outbreaks also occur on black fen and shingle sois* 
All the samples from soil inside patches of diseased 
plants were mfective and all contamed Xiphinema, 
whereas soil from outside such patches was not 
infeetive and, with one exception, did not contam 
Xuphinema At the exceptional site, Fareham ‘A’, 
a single dagger nematode was found m 300 gm soil 
collected outside the diseased area Each population 
of dagger nematodes contained both larve and adults, 
but the proportion of adults varied from less than 
5 per cent to 30 per cent at different sites The total 
numbers of Xiphinema varied considerably between 
sites but were never large, suggesting that if dagger 
nematodes are involved in virus transmission, only a 
few are needed to enable the sod to become highly 
infective Indeed, the numbers recovered from five 
300-gm lots of Fareham ‘B’ soil, in each of which pea 
seedlings had become infected, were 3, 4, 5, 9 and 10, 
respectively: 5, 9 and 17 Xephinema were isolated 
from three similar lots in which the seedlings had 
remained healthy Souls collected from under diseased 
plants at several additional sites all contamed 
Xiphinema 


Tests with Isolated Dagger Nematodes 


Results of soil fractionation experiments, 1n. which 
infectrve soil was suspended in water and then 
passed successively through 26, 50 and 160-mesh 
sieves, showed that each sieve retamed imfective 
material but that the fraction of soil passing through 
the 160-mesh sieve was not infective The distribu- 
tion of infectivity roughly paralleled that of the dagger 
nematodes Other tests showed that soil extracts of 
the type used for counting Xiphinema (made using a 
50-mesh sieve) conferred infectivity on sterilized soil 
Attempts were therefore made to separate the dagger 
nematodes from the other animals and materials m 
these extracts The extracts were thoroughly washed 
on & 160-mesh sieve, re-suspended m water, the 
dagger nematodes were picked out with a wire hand- 
hng-needle and transferred, first to watch-glasses 
containing distilled water, and then to pots contammg 
virus-free soll The extract residues were added 
to other simular pots of soil All the pots were planted 
with peas, which were tested for the virus four weeks 
later No plants growing m virus-free soi or m soi 
to which the extract residues had been added became 


infected, but plants growmg m sou infested with 
hand-picked Xiphinema did In three experiments, 
m which 15-20 dagger nematodes were added to each 
pot, 2 out of 11, 4 out of 12 and 1 out of 13 pots 
contained infected pea seedhngs In one experiment 
the dagger nematodes were separated, m batches of 
20 mto adult males, adult females and larve 
Infection occurred with each of two batches of males, 
with two out of three batches of females but with 
none of six batches of larve In a second similar 
experiment, infection occurred with two out of 
sixteen batches of larvae but with none of twelve 
batches of adults Serological tests on several of the 
virus isolates from pea seedlmgs exposed to hand- 
picked Xiphinema confirmed that each was arabis 
mosaic virus Isolates from plants exposed either to 
male or to female Xvphinema, or to larve, were 
among those 1dentified serologically 


Chemical Treatment of Infective Soil 


The infectivity of soils contaming tomato black 
rmg virus 18 abolished by treatment with each of 
several different chemicals, some of which seem to 
have little or no effect on infeetivity of the virus 
wm vitro Table 2 shows the result of troatmg soil 
contaimng arabis mosaic virus with some of these 
substances After peas had been grown in them for 
six weeks, no living dagger nematodes were found in 
any of the soils treated with chemicals, and from the 
fact that no plant growing m these soils became 
infected, ıt seems probable that the Xzphinema 
were either killed quickly or deterred from feeding 
on the plants Table 2 also contains two other items 
of note First, many dead Xiphinema were found at 
the end of the experiment m soil treated with tetra- 
methylthiuramdisulphide, suggesting either that 
they had died only recently or that the chemical had 
prevented them decomposition Secondly, although 
counts of other large eelworms, for example, Dorylat- 
mus spp, paralleled those fo. Xiphinema, penta- 
chloronitrobenzene (and m some experiments tetra- 
methylthiuramdisulphide) seemed, at the doses used, 
to have little effect on the numbers of ‘small eelworms’ 
(all eelworms that passed through a 50-mesh sieve 
but were retained on a 160-mesh sieve) In the soil, 
these chemicals appear to have differential effects 
on different kinds of nematodes 

Aur-drymg soi at 20° C for a week is another 
treatment that abolishes the mfectivity of soil con- 
taming arabis mosaic virus Here again, the effect 
18 most plausibly explamed by the treatment knlhng 
Xaphwema, for after a week of am-drymg, only 25 
dagger, nematodes, all dead, were isolated from 1 
kgm of soi, whereas 64, all alive, were found in a 
similar lot kept moist 
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Conclusions 


Throughout our work the mfectivity of soils and of 
preparations from soils has been correlated with the 
presence of hving dagger nematodes Moreover, the 
fact that Xvphenema was absent or rare outside patches 
of diseased plants suggests that the nematodes are 
often the muting factor m the spread of arabis 
mosaic virus We have found Xiphinema only m 
fields where arabis mosaic virus occurs 

In the soils we have used, arabis mosaic virus seems 
associated only with the dagger nematodes Neither 
the residue left after ther removal from mfectıve 
extracts, nor the material passing through a sieve 
which retamed the dagger nematodes, was mfective 
All the evidence points to Xiphinema as bemg the 
vector of arabis mosaic virus, and ib may seem un- 
necessarily cautious to mention the possibility that 
the virus could be associated with the nematodes m 
such a way that they are not acting as virus vectors 
in the usual sense The evidence for virus trans- 
mission by the nematodes 18 as good as, but no better 
than, that commonly accepted as mdicatmg that 
msects are vectors of plant viruses If dagger nema- 
todes are virus vectors m the usual sense, a role for 
which they seem well fitted, 16 18 clear that they can 
be quite efficient For example, the tests made on 
infective soul from Tenby (Table 1) suggest that about 
1m 3 of the dagger nematodes transmitted the virus 
Then again, m one of the experiments with hand- 
picked dagger nematodes, an estimated 1 m 12 of 
adults transmitted the virus, despite the probability 
that the soll and environmental conditions were not 
optimal for them Although we found there was no 
need to provide the nematodes with fresh sources of 
virus, had this been done, the rates of transmission 
by hand-picked nematodes might have been higher 
This possibility, and the mechamsm of virus 
transmission, are the subject of further mvestiga- 
tions 

Losses of crop from arabis mosaic virus can pro- 
bably be avoided in raspberry by growing immune 
varieties, such as Malhng Jewel!*, but ıt 1s uncertam 
whether other crop species also contam immune 
varieties However, 1f dagger nematodes spread the 
virus, additional methods of contiol seem possible 
The results of treatmg souls with chemicals show that 
Xiphinema 18 as sensitive to them as are some small 
plant-parasitic nematodes!, possibly more so, for 
dagger nematodes were killed by the action of some 
substances commonly used as fungicides and not as 
nematicides The fact that many soils contam only 
relatively few JX^phwema also encourages the view 
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that soil nematicides will be effective m controlhng 
the diseases The problem is now a practical one, 
namely, to incorporate the nematicide into soil 
sufficiently evenly and to & sufficient depth to ensure 
a high percentage kill of the population at an economic- 
ally acceptable cost 

The taxonomic status of the dagger nematode used. 
m our experiments 1s still bemg studied in detail, but. 
prelummaiy results (Goodey, J B, Peacock, F C, 
and Pitcher, R S , unpublished observations) suggest 
16 1s closely related to, and possibly identical with, 
AXwhwwema, dwerswaudatum Muicoletzky, and thus 
differs from the one associated with grape vme fanleaf 
virus un California? Whether the two viruses are 
serologically related is unknown, but fanleaf virus 
has not been transmitted to species outside the 
Vitaceae or by mechanical moculation of sap But 
even if these two viruses are closely related, they are 
unlikely to be the only ones the spread of which 
depends on soil-imhabitmg nematodes Indeed, 
evidence was recently advanced that the transmission. 
of peach yellow bud mosaic virus 1s associated with 
Xiphinema americanum!” Several viruses resemble 
arabis mosaic virus m possessing a wide host-range, 
in. the type of symptoms they cause, m them «n vitro 
properiies!$/* and m having isometric particles of 
approximately 25 mu diameter (Harrison, B D, and 
Nixon, H L, unpublished observations) With one 
of these viruses, tomato black rmg, there 1s already 
evidence that an agent m soil plays a part m virus 
transmission, and it is among such viruses that 
additional nematode-transmitted types seem most 
likely to be found 


We are much mdebted to Dr J B Goodey for 
advice and for permission to refer to his unpubhshed 
work 
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ULTRACENTRIFUGATION AND STAINING OF HEVEA LATEX 
By G F J MOIR 


Rubber Research Institute of Malaya, Kuala Lumpur, Federation of Malaya 


OOK AND SEKHAR, m 19537, desaibed the 

separation of Hevea latex into phases by high- 
speed centrifugation and interpreted ther results m 
terms of the types of particle which had been found 
by various earher workers in latex after collection 
from the tree In particular, the sedimented material 
was considered to represent an aggregation of the 
lutoid particles discovered by Homans and van Gils? 
Cook and Sekhar’s method has been used continually 


m these laboratories m the preparation of latex 
fractions for chemical and enzymological mvestiga- 
tions®, and there 1s no doubt as to the general correct- 
ness of their conclusions However, moie recent 
observations seem to show that the sedimentable 
material m latex cannot consist wholly of one species 
of particle, and that the non-sedimentable components 
of latex are also more complex than was thought 
hitherto A short account of these observations seems 
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timely , there is current mterest in the biochemistry 
of Hevea?-* and high-speed centrifugation of latex 18 
bemg used ın other laboratories besides our ownt 
In the present work, latex was obtained from a 
small stand of buddmgs of the clone Prang Besar 186 
of Hevea brasWaensws These trees were mature and 
had been tapped by the half-spiral alternate-daily 
system’ for many years The latex was collected for 
30 mm after tapping, mto glass vessels kept in 1ce 
baths It was centrifuged at 53,620g(max) for 
40 mm m Rotor No 21 (prechilled to 0°) of a 
Spmco Model L ultracentrifuge The temperature 
of the latex thus fell to 0-5°C soon, after leaving 
the tree and remained m this range virtually through- 
out the fractionation Such close temperature control 
was not used m the earher work cited’, although 
this point 1s not always clear m the published accounts 
Fig 1 shows diagrammatically the separated zones 
regularly observed after centrifugation Two views 
of a smgle tube are shown, these are not cross- 
sections, but approximate plane projections of the 
pattern visible from outside the tube The various 
zones were distinguishable by colour or texture or 
both, in a senes of experiments extending over ten 
weeks some variation in detail occurred, but the 
main features of the pattern were surprisingly re- 
produeible Futhe: definition of the zones and some 
indication of their possible cytological significance 
were obtamed by treating the latex with trace 
amounts of janus green B or neutral red before 
centrifugation This procedure produced a pattern 
which seemed to correspond in all essential respects 
with that formed from unstaimed latex, and ıt thus 
appeared that the stains do not significantly affect 
the sedimentation behaviour of the paaticles present 
A full description of the appearance of each of the 
eleven zones, as observed with and without pre- 
stamung the latex, would be rather volummous Only 
the major pomts will be mentioned here 
Zone 1, which is white and opaque, though shaded 
m the diagram, corresponds with the ‘top white 
fraction’ of Cook and Sekhar! The much smaller 
zone, 2, 1s distinguished from it by a certam trans- 
lucence and, m latex pretreated with janus green B 
by a bright blue colour (Janus green B stamimg 1s 
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barely perceptible m zone 1) Zone 3, a white 
emulsion, appears cognate with zone 2, since ib also 
stams blue with janus green B and on more prolonged 
centrifugation 1t 1s reduced m amount while zone 2 
1$ increased Zone 4 (orange) is the ‘yellow-orange 
layer’ of Cook and Sekhar!, the aqueous zone 5 
corresponds with the ‘C serum’ of earlier literature? 
and zones 6-11 are together broadly equivalent to 
‘bottom fraction’ However, m this connexion ib 
should be noted that the effects of the fully re- 
frigerated technique are considerable m our experi- 
ments zone 5 was turbid, and the sedimented material 
(6-11) was semi-hquid If centrifugation is con- 
ducted at higher temperatures as m previous work?, 
the serum 1s clearer and the sediment more neaily 
sold , the stratification of the latter 1s also less sharp 

Zone 6 18 a loose whitish layer on the upper plane 
of the sediment Agutation re-disperses ıt largely 
into zone 5, where 1b assumes the same ropy texture 
as the turbidity mutially present Prolonged ultra- 
centrifugation of zone 5 at about 140,000g(max ) 
deposits a small gelatinous sediment which gives a 
positive test for pentose (oremol reaction) 

Zone 7, embedded in the face of zone 8, contams 
both yellow and whitish maternal and is unstained 
by neutral red With janus green B the colour of 
the zone ıs at first l-defined, varymg from yellowish 
to dirty green However, when the tube and con- 
tents are allowed to warm to 20—25? after centzi- 
fugation, the zone becomes bright red 

Zone 8, which accounts for the bulk of the sedi- 
ment, ıs practically a gel at 0-5°, 1s greyish-cream in 
colour and becomes syrupy at room temperature 
From latex pre-treated with neutral red 1b 1s mtensely 
pink and contrasts very strikmgly with the unstained 
zone 7 

Zone 9 1s a streak of material 10sembhng zone 7 
in appearance and stammg reactions, but more 
strongly sedimented It joms zone 7 at the upper 
end of the pellet, and no clear boundary can be 
drawn Zone 10 ıs a rmg of deep orange material, 
and zone 11 a speck of translucent greyish jelly 
These last two are mmute m amount but ther 
presence is generally quite unmistakable 

All the above results refer specifically to Prang 
Besar 186 latex, but prehmunary experiments on 
other latexes indieate a sumnidar complexity Of the 
particles known to be present 1n latex after collection, 
lutoid particles are, by definition®, readily sediment- 
able Also Wiersum? has reported that they stam 
with neutral red (under the microscope) It therefore 
seems that my zone 8 must contam these particles, a 
conclusion readily reconeilable with that of Cook and 
Sekhar Similarly, zone 1 must still be ascribed to 
rubber particles and zone 4 to Frey-Wysshng part- 
icles?, as by these authors 

Collected latex also contams bacteria our samples 
gave viable counts m the range 105 to 5 x 108 organ- 
isms per ml, by the method of Taysum!^ The total 
volume of bacteria im one centrifuge tube of latex 
(90 ml) would probably be small 

To explam the observations outlined above, even 
partially, 16 seems necessary to postulate the presence 
in latex, m addition to the particles already men- 
tioned, of the followmg (1) a variety of particle 
stammg blue with janus green B and migrating 
centripetally (zones 2 and 3), (2) at least one species 
of particle which sedimented with difficulty (zone 6 ; 
further centrifugation of zone 5), (3) at least one 
species of particle reducmg janus green B (zones 7 
and 9) 
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A more complete explanation would necessarily be 
speculative, my purpose at this stage 1s primarily 
to direct attention to the complexity of collected 
Hevea latex However, ıt should ultimately be 
possible to relate the particulate components of the 
latex to the normal concepts of plant cytology With 
this intention, Wiersum? has published evidence 
suggestmg that 'lutoids' may be considered as the 
elements of a polydisperse vacuome In my observa- 
tions the component sedimented with difficulty has 
suggestive similarities to the particulate ribonuoleo- 
protem (‘microsomes’) now well known m animal 
cells and also reported in higher plants? Further, 
McMullen? has recently detected ribonucleoproteim m 
freeze-dried latex serum The reaction of zones 7 
and 9 with janus green is essentially the same as 
that reported for hver mitochondria by Recknagel’? 
using a closely similar expermmental method Re- 
actions with janus green must, of course, be inter- 
preted with reserve, especially perhaps 1n the presence 
of bacteria, 

It should also be possible to relate the components 
of collected latex to the cytology of the lacticrfers 
mm vwo The existmg hterature on this subject, 
reviewed by Wiersum? and Milanezi’, 1s somewhat 
controversial, and very little 1s known of the cytology 
of latex vessels submitted to regular tappmg Milanez 
considers that m, intact vessels latex ıs homologous 
with cytoplasm and not with vacuolar sap, as m 
the traditional opmion™, and he has also reported 
the presence of mitochondna If these views are 
applicable to latex collected by tappmg, the com- 
plexity of latex revealed m the centrifuge would find 
an explanation 
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I am indebted to Mr W G Wren fo: advice and 
encouragement, to Ir P de Jonge and Mr D H 
Taysum for valuable discussions and to the last- 
named also for all bacteriological data and for access 
to his unpublished microscopic studies on latex 
I acknowledge also the technical assistance of Mr 
Yap Chin Fah and Mr Hoh Inan Yong, as well as 
translations by Dr J K Templeton, Mr N G 
Bissett and hb E C Paardekooper This work, 
which 1s continuing, forms part of a programme of 
research undertaken by the Board of the Rubber 
Research Institute of Malaya i 
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GLYCOPROTEINS OF HUMAN CEREBROSPINAL FLUID 


By Da. SAMUEL BOGOCH 


Department of Psychiatry, Harvard Medical School, Boston 


HILE the cerebrospinal fluid 1s the only 
compartment of the central nervous system 
which ean readily and repeatedly be sampled m both 
man and ammals without unphysiological effects, 
relatively few quantitative data are available on 1ts 
organic constituents! Micromethods have been 
developed in this laboratory which permit the analysis 
of small quantities of cerebrospinal fluid with special 
reference to the carbohydrate and protem constituents 
A. total of 236 mdrvidual specimens of cexebrospmal 
fluid have been examined by these techniques 
10-30 ce aliquots of lumbar cerebrospinal fluid 
are mmmediately lyophilized, quantitatively dialysed 
in ‘Cellophane’ at 4? C against glass-distilled water to 
completion, with the result that three major fractions 
are obtamed?^? Fraction Œ (non-dialysable, water- 
soluble in conditions of vanishmg ionic strength), 
Fraction P (non-dialysable, water-msoluble) , Frac- 
tion IT (dialysable) Both the origmal unfractionated 
cerebrospmal fluid and the resultant subfractions 
have been quantitatively analysed for total solids, 
nitrogen, phosphorus, hexose, hexosamme and re- 
ducing sugar In addition, ıt has been possible by 
this method to obtam accurate values for the presence 


of tue neurammuc acid in cerebrospinal fluid, since 
that which 1s associated with non-dialysable fractions 
has been freed from the mterference of dialysable 
monosaccharides, and the neuraminic acid which is 
unbound and dialysable, when present, can be 
detected by the use of column chromatography 
(‘Amberlite LRC-120' for sodium ions, followed by 
‘Dowex-3-OH’ for chloride ions, then ‘Dowex-|- 
formate’ for neuramunic acid) to separate 1t from the 
large excess of monosaccharides present, and by the 
thiobarbituric acid reaetion?5 The values of total 
newamuinic acid have been found to vary from 2 to 
29 agm /ce of whole cerebrospinal fluid, with from 
0 to 12 ugm of the total representing free neuramunic 
acid The previous use of the Bial reagent to measure 
total neuraminic acid m whole cerebrospinal fluids,’ 
gave a somewhat higher range of values due to mono- 
saccharide mterference Individual differences m the 
concentration of neuramimic acid in cerebrospinal 
fluid were detected with the Bial reagent, despite 
the large mterference by monosaccharides, because 
most of these differences have been shown to be the 
result of variation m the concentration of Fraction G 
neuraminic acid? 
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Table 1 MOLAR QUANTITIES AND RATIOS OF HEXOSE, HEXOSAMINE 
AND NEURAMINIO ACID IN Fraction G OF INDIVIDUAL SPECIMENS 
OF CEREBROSPINAL FLUID 
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All the hexosamine ın cerebrospmal fluid has been 
shown to be non-dialysable, most of 1t bemg associated 
with Fraction G The absolute quantities of hexos- 
amne (as galactosamme) range from 1 7 to 60 1 ygm j 
co whole cerebrospmal fluid (mean 14 4) Fraction G 
hexose (as glucose) has similarly been shown to vary 
from 4 0 to 88 3 ugm Jc e. whole cerebrospinal fluid 
(mean 25 7) The distributions of the constituent 
hexose and neuraminic acid have been studied in 
electrophoretic subfractions of Fraction G and have 
been shown to be associated mostly with a, and œ,- 
globulm fractions, with some samples showmg the 
greatest concentration of these constituents in the 
B-globulm fraction 

Optimal conditions have been established for the 
hydrolytic release of the constituent carbohydrates 
of Fraction G Utilzimg 0 08 N hydrochloric acid 
hydrolysis at 100°C for 20 mm, 65 per cent of the 
origmal neurammic acid of the macromolecular 
fraction was released 1n dialysable form, together with 
60 per cent of the original hexosamme, but only 
8 per cent of the original hexose Comparison of 
these results with the hydrolytic behaviour of biam 
ganghoside® suggests that xn the cerebrospinal fluid 
glyeoprotems, as ın brain ganghoside, the neuramimic 
acid and hexosamine moieties are more peripherally 
located or at least more available to mild acidic 
hydrolysis than are the hexose moreties Further 
experments utihzmg 2N hydrochloric acid for 
different periods of tıme resulted m the selective 
liberation of the hexoses, galactose having been 
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shown to be released before mannose Application 
of these methods to the structural determmation of 
purified cerebrospmal fluid glycoprotem fractions 
separated by column chromatography 1s m progress 
The structural relationship of these carbohydrate 
constituents is of interest with reference to them 
membrane, receptor and transport functions demon- 
strated in other studies in thus laboratory®-1 

The quantitative determmation of neurammie acid, 
hexosamine and hexose has permitted an exammation 
of the molar ratios of these substances m mdrvidual 
cerebrospinal fluid specimens Rather than finding rea- 
sonably uniform molar ratios, wide dividual variation 
has been demonstrated m the ratios hexose hexos- 
amine neuramunic acid, ranging from approximately 
1 1 1tol0 1 1 Table 1 shows a few examples 
of the variation observed both in absolute amounts 
of these constituents and in ther relatrve ratios 
That this variation 1s not a function of the total 
amount of Fraction G present per e c. of cerebrospinal 
fluid is also shown in Table 1 The total content of 
sohds 1n cerebrospinal fluid has been shown to tend 
to merease with age after the second decade The 
concentration of hexosamune derived from Fraction G 
mereases during the same period The concentration 
of hexose derived from Fraction G also increases 
during this period, but even more greatly than does 
hexosamme The specific inerement of hexose to 
hexosamme appears to be more marked in the third 
and fourth decades, the molar ratios of these constit- 
uents tending to approach unity after the fifth decade 

The possible biological significance of unusual total 
concentrations of macromolecular hexose, hexos- 
amine and neuramunie acid, as well as of unusual 
molar ratios and electrophoretic distributions of these 
substances 1n cerebrospmal fluid m relation to different 
neuropsychiatric disorders, 1s considered elsewhere’? 
Perhaps most significant 1s the fact that there has been 
demonstrated great mdividual variation both m the 
absolute quantities and m the relative ratios of par- 
ticular carbohydrate constituents of cerebrospinal 
fluid glycoprotems Whether this potential for imdi- 
vidual vanation reflects genetically determmed 
normal characteristics or specific chemical patterns 
of particular functional or disease processes, or both, 
is yet to be determined The possibility exists that 
an opportunity is mdicated by means of similar 
studies on other compartments of the nervous 
system for the definition of chemical bases of 
individuahty 

These studies, to be presented m detail elsewhere”, 
have been supported im part by grants from the 
National Institutes of Health (B-1221 and M-2095) 
and the Scottish Rite Research Committee, National 
Association. for Mental Health (US ) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, December 14 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W 02), at 580 p m —Discussion on "Why Hi-Fi ?”, opened by Mr 
P P Eckersley 


SoorzTY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), at 530 pm —Mr P B Cornwell “Insect 
Control by Gamma Irradiation” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
SW7), at 830 pm—Baron G de Gerlache de Gomery “The 
Belgian Antarctic Expedition” 


- 


[Tuesday, December 15 


INSTITUTE OF MARINE ENGINEERS (at the Memorial POM 76 
Mark Lane, London, E C 8), at 630 pm -—Mr K Maddocks "'Some 
Aspects of Marme Reactor Secunty" 


INSTITUTE OF PHYSICS (at 47 Belgrave Square, London, S W 1), at 
530 pm-—Mr K G Freeman “Tubes for Colour Television” 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, WC 2), at 630 pm-— 
Discussion on “Data Handhng Problems in Atomic Installations", 
opened by Dr D Taylor 


Wednesday, December 16 


POWDER METALLURGY JOINT GROUP OF THE IRON AND STEEL 
INSTITUTE AND THE INSTITUTE OF METALS (in the Hoare Memorial 
Hall, Church House, Great Smith Street, London, S W 1), at 980a. m 
— Symposium on “The Powder Metallurgy of Magnetic Materials” 


ROYAL METEOROLOGICAL SOCIETY (at 40 Cromwell Road, London, 
SW, at $ pm.—Dr H Wexler “Seasonal and other Tempera- 
ture Changes m the Antarctic Atmosphere", Mr W  Hitschfeld 
'*Patterns of Hailstorms in Alberta" 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W € 1), 
at 515 pm —Sir Hugh Beaver, KBE "Statistics as a Tool of 
Management" (Presidential Address) 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W 1), at 530 pm—Mr A C Hartley "Prpelines"' 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk’ 
Westminster, London, S W 1), at 6 pm —Dr 8 G Hooker “The 
Future of Aw Breathing Engmes m Aviation” (James Clayton Lecture) 


SOCIETY oF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, S W 1), at 6 p m —Discussion of Research Papers 
recently published by Members of the Group 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W 1), at 7 pm —Mr J F Coales ‘Random 
Inputs and Load Variations" 


Thursday, December 17 


BRITISH Computer SOCIETY, LONDON BRANCH (at the Northampton 
College of Advanced Technology, St John Street, London, EC 1), at 
2 30 p m —Diseussion on “Conversion between Analogue and Digital 
"Representation", 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, 8 W 1), at 230 pm and 
530 p m —Soentific Papers 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Durhngton House, Piccadilly, London, W 1), at b pm -— 
Dr A J Robmson "Relationship Between Particle Size and Collector 
Concentration” , Borchers ‘“Deepenmg of No 1 Vertical 
Shaft at Premier (Transvaal) Diamond Mining Co , Ltd” 


LONDON MATHEMATICAL Society (at the Royal Astronomical 
Sooety, Burhngton House, Piecadillv, London, W 1), at 5 p m -—Prof 
E V Schenkman ‘“Supersolvable Groups” 


INSTITUTION OF ELHOTRICAL ENGINEERS, EDUCATION DISOUSSION 
Crete (at Savoy Place, London, W C 2), at 6 p m —Discussion on 
“The Presentation of the History and Philosophy of Science", opened 
by Prof H Dingle 


Thursday, December |7—Friday, December 18 


PHYSICAL SOCIETY (in the Townsend Lecture Theatre, The Clarendon 
Laboratory, Oxford), at 10 am  daily— Conference on ''Blectron- 
Phonon Interaction m Solds” 


Friday, December 18 


SOCIETY OF CHEMIOAL INDUSTRY, FINE CHEMICALS GROUP (at 14 
Belgrave Square, London, S W 1), at 630 pm —Dr F E Camps 
"Some Aspects of Forensic Science" 


Friday, December i[8—Saturday, December 19 
BRITISH PSYCHOLOGICAL SOCIETY (at University College, Gower 
Street, London, W C 1)—Conference 
Saturday, December 19 


BIOCHEMICAL SOCIETY (mn the Department of Chemical Pathology, 
King's College Hospital Medical School, Denmark Hill, London, 8 E 5), 
at 10 30 a.m —389th Meeting 
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November 21, 1959 
APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appoimtments on or 
before the dates mentioned 

LECTURER (with a good honours degree and teaching experience) IN 
CHEMISTRY at the Nigerian College of Arts, Science and Technology— 
The Council for Overseas Colleges, 12 Lincoin's Inn Fields, London, 
W C 2 (December 21) 

TECHNICIAN or SENIOR 'lEOHNIOIAN IN THE DEPARTMENT OF 
PaTvHOLOGY, University of Khartoum—The Registrar, University ot 
Khartoum, c/o Inter-Üniversiby Council for Higher Education Over- 
seas, 29 Woburn Square, London, W C 1 (December 22) 

LECTURER IN MATHEMATICS in St Salvator's College-—Joint Clerk 
to the University Court, College Gate, St Andrews (December 31) 

LECTURER IN Statistics m St Salvator’s ig Re Clerk to 
the University Court, College Gate, St Andrews (December 31) 

LECTURER (with a special knowledge of, and interest 1n, the verte- 
brates) IN_ZOOLOGY—The Registrar, King’s College (University of 
Durham), Neweastle-upon-Tyne 1 (December 31) 

ScrgNTIFIC OFFICER (with a first- or second-class honours degree in 
civil engineering or physics, or equivalent qualifications) at the 
Hydraulics Research Station, D SIR, Howberry Park, Wallingford, 
Berks, for studies of hydraulic problems im the field of ervil engineering, 
including scale model investigations—T'he Mimstry of Labour and 
National Service, Technical and Scientific Register (K), 26 King 
Street, London, S W 1, quoting Xi 489/9A (December 31) 

TECHNICIAN (preferably with experience m a laboratory conceined 
with the physiology, biochemistry or the culture of micro-organisms) 
IN THE BOTANY DEPARTMENT, University of Canterbury, New Zealand 
-—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W C 1 (December 31) 

SENIOR LECTURER IN CLINICAL BIOCHEMISTRY at the University 
of Melbourne, Australi-—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W 01 
(January 4) 

SENIOR LECTURER (with main interest and special qualifications in 
the field of petrology) IN GEOLOGY at the University of Western 
Austraha— The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C 1 (January 4) 

READER IN PHYSIOLOGY at Middlesex Hospital Medical School—The 
Academie Registrar, Umvermty of London, Senate House, London, 
W C1 (January 20) 

ASSISTANT LECTURERS (with at least a good honours degree in 
physics, and preferably experience in teaching and/or research) IN 
PHYSICS at the Umversity of Malaya, Kuala Lumpur—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W C1 

BIOCHEMIST, Basic grade (with a first- or second-class honours degree 
in chemistry or biochemistry) IN THE UNIVERSITY DEPARTMENT OF 
MEDICINE, Glasgow, for research work—-The Secretary, Royal Infir- 
mary, 84 Castle Street, Glasgow, C 4 

ISOTOPE TECHNICIAN (preferably with a knowledge of biochemistry 
or electronics) for work m a specialized-laboratory dealmg with 
diagnosis, treatment and research m thyroid disorders—The Secretary, 
New End Hospital, Hampstead, London, N W 3 

LECTURER IN VETERINARY ANATOMY at the University of Sydney, 
Australia— The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (Australia, 
February 27) 

MASTER to teach Mathematics up to advanced level, with possible 
scholarship work—The Headmaster, Tonbridge School, Tonbridge, 

en 

SPECIALIST SUPERINTENDENT (CHEMIST) (with a university degree 
ia chemistry or agricultural chemistry, the higher national certificate 
in chemistry, or the diploma of the Science Technologists Association, 
or equivalent qualifications) IN THE DEPARTMENT OF AGRICULTURE, 
Northern Region of Nigeria, to be responsible for the organization, 
supervision, and general running of the Chemistry Laboratories at 
Samaru, and also to undertake certam determinations for research 
projects—The Director of Recruitment, Colonial Office, London, 8 W 1, 
quoting BCD/63/408/018/T 

TECHNICIAN (female, with manual dexterity for preparmg small 
fossils) IN THE ZOOLOGY DEPARTMENT-~-The Secretary, University 
College London, Gower Street, London, W C 1, quoting Ref No Zoo/4 


REPORTS and other PUBLICATIONS 


{not included sn the monthly Books Supplement) 


Great Britain and Ireland 


Some Aspects of Agricultural Research a Reprint of the articles 
in the Report of the Agricultural Research Council for the year 1957— 
158 Pp 11+67 (London HM Stationery Office, 1959 ) Ko 
ne 2 
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SECONDARY AND HIGHER EDUCATION IN BRITAIN 


PAPER entitled “A Policy for Higher Educa- 
tion”, published as a special supplement m 
Socialist Commentary of September over the sig- 
natures of Mr Robm Morris as chairman, J Vaizoy 
and A H Halsey as rapporteurs, the co-signatories 
meluding Prof W J M Mackenzie and M Stewart, 
M P, ıs the outcome of three conferences of people 
from different but appropriate professions, and while 
representing a compiomuse between various lively 
points of view, ib 1s intended as a basis for further 
discussion It supports the idea of a Royal Com- 
mission, on institutions of higher education m Britam, 
but emphasizes the importance of prior thmking if 
such a Commission 1s to be effective, and also urges 
that any such Commussion should consider the whole 
field of higher education rather than concentrate on 
the universities themselves The paper is not itself 
concerned directly with secondary education, but rts 
signatories are agreed as to the need for considering 
carefully the mteractions of secondary and higher 
education 
The primary objective of the paper appears to be 
to ensure equality of opportunity m education, and 
the writers recognize that this must be based on 
equality of opportunity m secondary education The 
argument and mplications of Michael Young's essay, 
“The Rise of the Meritocracy”, are clearly m mmd, 
and in the phrase ‘equality of opportunity’ the last 
word is generously interpreted One of the major 
recommendations—the amalgamation of teacher 
tramung colleges and colleges of technology into 
colleges of liberal arts and technology enjoymg the 
autonomy and 1elation to the community which 
characterizes the universities proper, and admuinis- 
tered by a body analogous with the University Grants 
Committee but m touch with the work of the local 
authorities m this field—is intended to meet this need 
Nevertheless, the paper appears to be somewhat 
doctrmaire and would have been more convincmg 
had it been based on a thorough and impartial 
inquiry mto some of those matters such as the size 
of classes, the effect of lengthenmg the period of 
compulsory schoolmg at one end rather than the 
other, the advantages or disadvantages of large 
schools as against co-education and of traming 
teachers for three years consecutively, which, in the 
absence of precise knowledge, are liable to be the sport 
of political theory or preyudice 
On the expansion of higher education, a target of 
300,000 full-time students by 1970 18 recommended, 
and of these about one-third should be in technical 
and teacher trammg colleges This would mvolve an 
increase of 6 or 7 per cent per annum in the number 
of teachers if present staffing ratios are to be mam- 
tained, and in this context ıb is recommended that 
improvement of the economic position and status of 
teachers in universities and institutions of higher 
education, (outside Oxford and Cambridge) ıs essential 
The report recommends less specialization at school, 


but while the signatories may well be right m sug- 
gesting that some sixth-form teachers would be more 
advantageously employed im a college or university, 
the proposal to shift educational effort from the 
sixth form to the university 1s more debatable, and 
should be based on facts—some of which have still 
to be determmed—rather than theory The econ- 
omues of any such step are dubious and also its social 
consequences, quite apart from whether ib 1s really 
consistent with the true functions of a university 

To some extent that 1s also true of the recom- 
mendation that expansion of the provincial univer- 
sities of Britam should be accompanied by rising 
standards in staffing ratios, salary scales, buildings, 
halls of residence, etc , directed at bridging the gap 
between “Redbrick’ and ‘Oxbridge’ Heavily increased 
expenditure on the provincial universities may well 
be overdue, but this is not necessarily the only, or 
even the best, way to enable them to attract a larger 
proportion of the first-class minds m each generation 
of school-leavers The mstatution of a council for 
higher education to determme the allocation of funds 
for higher education 1s also recommended, but its 
position with regard to the University Grants Com- 
mittee is somewhat ambiguous and no convincing 
evidence ıs presented that a new body 1s required 
rather than some re-arrangement or expansion of the 
functions of the latter Although ıt 1s recommended 
that each university should be encouraged to act as 
a teachmg and research centre for the college of 
liberal arts and technology of its region, the question 
of technology is very superficially considered , and 
m seeking to break away from the conception of a 
university as a place providing specialized training for 
professional and highly scientific occupations towards 
one providmg general education of a high standard, 
the signatories of the report seem to become somewhat 
confused and volved in contradictory policies 

Much more fundamental thinking about the pur- 
pose and functions of a university 1s thus required to 
resolve the issues that are raised mm this section of 
the paper The conception of the university as a 
place of learning and research as well as of teachmg 
seems to have been overlooked, and while the recom- 
mendations on awards and grants are sound, the 
emphasis on the claims or rights of the mdividual, 
particularly in relation. to admissions, seems to be 
excessive and to lose sight of obligations and 
responsibilities _ 

A national university entrance examination, taken. 
in March, from the results of which individual in- 
stitutions would select ther entrants without further 
test, is suggested Most of the group wish the 
Government to use financial pressure to reduce the 
proportion of entrants to Oxford and Cambridge 
from private schools, but the mmorrty thought this 
was more likely to increase than to dimimish the 
predominance of Oxford and Cambridge, and recom- 
mends rather that these Universities should no longer 
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enjoy subsidies fiom public funds The group 
1ecommends that all university students should pass 
through a diagnostic year of general education before 
being allocated to surtable courses It does not 
discuss the practical mpheations of thereby extendmg 
university education to a fourth year, nor does the 
feasibility of this year of general education being 
given m the sixth forms of schools appear to have been 
considered Agam, 1$ 1s taken for granted that wide 
adoption of the tutorial system m higher educational 
institutions and the consequent high staff-pupil ratio 
are justified More experiment in teching methods 
would be welcomed, but the urgency of such an 
inquiry, as a preliminary or an essential part of univer- 
sity expansion, 18 nowhere emphasized , and although 
ib is recognized that heavy teaehmg duties mvolve 
some easing of the demands of research and admin- 
istration, the complexity of the issues raised thereby 
1s dismissed too lightly It ıs admitted that fiesh 
thought 1s required on the subject of halls of1esidence, 
but the thmking of the group here appears to have 
been guided too much by its political preconceptions, 
and the part of the library 1s nowhere mentioned 

Nevertheless, in the section of the pape: dealing 
with residence, there is some realistic thmkmg, 
though even here the gioup has rts mhibitions, and 
ribs assertions that residence im hall prolongs adol- 
escence and that such students are subsidized at the 
expense of other students could be challenged The 
final section, however, with its emphatic recom- 
mendation that a comprehensive further education 
service should be established. 1s altogether admurable 
Such a service should envisage the amalgamation of 
the youth employment and youth services, and the 
group suggests that the county colleges, for which 
provision was made in the 1944 Act, would con- 
stitute the natural headquarters, offermg member- 
ship to every youth not otherwise enrolled ın an 
institution of full-time further education There 
would also be close Imks with the colleges of liberal 
arts and technology and with the extia-mumal 
departments of the universities 

It 1s perhaps for this recognition that any sound 
policy must treat higher education as a whole and 
that its development must equally be planned m 
relation to secondary education and mdeed primary 
education that the paper is most important The 
paragraph im the Queen's speech dealing with educa- 
tion indeed referred to the schools as well as to tech- 
nical colleges and universities, and at least umphed 
that the supply of teachers 1s a common problem A 
specific reference to the reduction m the size of 
classes might suggest that this 18 @ priority m the 
Government’s policy , but nothing was said m the 
debate on the Queen's speech to mdicate that the 
independent investigations are already m tram upon 
the results of which the priorities should be based 
References to education in the House of Commons 
debate related mamly to the youth service and to the 
modernization. of school buildings, and in replymg on 
a debate which had been concerned mainly with the 
youth service, the Minister of Education, Sir David 
Eccles, conceded that m the last Parhament technical 
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education had received the greatest attention He 
said ib 1s now time to give greater attention to the 
needs of the fifteen- to eighteen-year-olds, especially 
1n leisure and m non-vocational education 

Sm David pomted out that this m itself brmgs us 
back to the primary schools and that we are con- 
cerned with the needs of some 7 million childien and 
300,000 teachers m all sorts of schools and colleges 
The Government is fully determmed, he said, to 
make a major advance in the youth services and the 
leisure activities of young people, but he gave no 
indication of either the magnitude of the effort or 
how the priorities are to be assessed 

Although education received rather less attention 
in the debate on the Queen’s address m the House of 
Lords, the Earl of Home in a reply for the Govern- 
ment was a little more forthcoming He welcomed 
Lord Rea’s reference to our need to equip the young 
to meet the mtellectual, physical and moral challenge 
of the time and, while admrttmg that the expansion 
contemplated for the universities and the technical 
colleges would strain our resources, agreed that ıb 
nevertheless must be made Education, however, 
must look beyond technology, and Lord Home 
agreed with Lord Hastings on the need for con- 
structive and unagmative thinkmg if the right 
solution to our problem is to be found The mere 
expenditure of £700 million, a figure expected to 
rise for England and Scotland to £1,000 million a 
year by the early 1960’s, 1s improbable of itself to 
suffice We are unhkely ever to have the resources 
to do what is desirable at any one time The selection 
of priorities is unavoidable, and what matters 1s that 
the night priorities should be chosen 

“A Policy for Higher Education” challenges the 
eritical thimking and inquiry which should precede 
the choice of priorities and which should indicate the 
right priortties Its mam emphasis ıs on higher educa- 
tion, but not on higher education without regard 
to the needs of secondary education or of further 
education m the more general sense The need for 
balance is recognized, and the discussion which i6 
seeks to provoke should elucidate some of these 
issues and may even stimulate the impartial inquiry 
that is needed to collect the facts on which decisions 
should be based Not least, apart from re-exammation 
of the mter-relations between school and university, 
the paper should stamulate some fresh thought about 
the extra-mural work of the universities and their 
1egional responsibilities 


MAGNETOHYDRODYNAMICS 


Cosmic Electrodynamics 

By In J W Dungey (Cambridge Monographs on 
Mechanics and Apphed Mathematics) Pp ix+183 
(Cambuidge At the Umversity Press, 1958 ) 32s 6d 


net 
A DECADE has elapsed since the publication of 

Alfvén's book, “Cosmical Electrodynamues"— 
a subject which was then begmmmng to attract the 
attention of the scientific world Since then, the new 
science, now generally called ‘magnetohydiodynamics’, 
has grown in importance and mterest and there exists 
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to-day a vast literature on the subject—a fact which 
must be particularly gratifymg to rts ongmator The 
book under 1eview, bearmg almost the same title 
as Alfvén’s book, gives some mdication of the progress 
and of the consolidation which have been achieved m 
this field durmg the mtervenmg decade, and while 
Alfvén mevitably confined himself for the most part 
to his own pioneer researches, Dungey has cast his 
net wider and, as was to be expected, his approach 1s 
more sophisticated 

The book effectively consists of two parts, although 
the author makes no such division The first part 
deals with magnetomechanics proper, and some 
interestmg causal general relationships are discussed 
at length ^ Certein pitfalls which abound m this 
subject are pointed out—notably the fallacies into 
which one may be drawn by an mjudicious applica- 
tion of the orbital motions of an isolated charged 
particle m a magnetic field to the behaviour of an 
iomzed gas m a magnetie field 

The second part of the book is concerned with 
applications to solar and terrestrial magnetism 
(mamly magnetic storms and aurorae), 1onospheric 
electrodynamics and the author’s own discharge 
theory of solar flares 

There can be no doubt that the author hag given 
an admurable synthesis of the subject The mutual 
interaction of the mechanical forces and the electro- 
magnetic forces m a conducting fluid moving in a 
magnetic field ıs fully and clearly discussed, and 
attention is given to the mmportant problem of the 
stabilty of twisted magnetic fields 

One of the more important problems im that field, 
the stabihty of plasma equilibrium configurations, 
which has figured promunently in recent years m 
connexion with the problem of controlled thermo- 
nuclear reactions, 1s here discussed by the author 
mamly from the pomt of view of astrophysical 
applications Nevertheless, some attempt ıs made 
to discuss the problem more generally m the chapter 
on magnetodynamics under the section on small 
oscillations Brief references are also made to hydro- 
magnetic shock waves and hydromagnetie turbulence 

There ıs an admirable account of solar phenomena, 
icludmg granulations, sunspots surface magnetic 
fields, prommences, flares and M-regions But the 
author seems to have been reluctant to supplement 
this by a more extensive account of current theories 
of sunspot magnetic fields, and the dynamo theory 
of the origin of the geomagnetic field 1s not treated 
as fully as one nught have expected 

The chapter on magnetic storms and aurorae, one 
of the most successful in the book, contains a farrly 
complete account of one of the current theories of 
these phenomena Jt is a pity that the author has 
not seen fit to make some reference to the theories 
developed by Alfvén and Singer, probably because 
Alfvén himself has given a full account of his theory 
in bis own book Both theories contain many fruitful 
ideas, and the recently discovered Van Allen trapped- 
particle radiation appears to have been uncannily 
prophesied 1n. Singer's work 

There are few errors m this book , m the opinion of 
the 1eviewer 1b gives ono of the most comprehensive 
and accurate accounts of magnetohydrodynamues yet 
published It 1s admurably constructed, and though 1t 
is not an easy book to read, the reader will neverthe- 
less be amply rewarded by the many interesting and 
stimulating ideas he will find in it , 1t should be read 
by everyone interested m the subject 

V CO A FERRARO 
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DEVELOPMENT OF NUCLEAR 
POWER 


The Economics of Nuclear Power, including Admin- 
istration and Law 

Vol 2 Edited by I R Maxwell, P W Mummery 

and Philip Sporn (Progress m Nuclear Energy, 

Series 8) Pp vi+419-+-x11 (London and New York 

Pergamon Press, 1959 ) 105s net 


Partnership for-Progress International Technical 
Co-operation 

Bemg the Annals of the American Academy of 

Political and Social Serence (May 1959) 


Ts fifth annual report, of the United Kingdom 
Atomic Energy Authority referred particularly 
to the need to relate plans for the development of 
reactors to the possibilities of the export market and 
pomted out that, although much of the Authority’s 
work on the larger systems will have application to 
small reactors, considerable advances will be required 
m nuclear technology before reactors of the range 
20-100 MW become competitive m normal circum- 
stances It is m this context that a number of 
the papers contributed to the second International 
Conference on the Peaceful Uses of Atomic Energy 
which have now been published are of some general 
interest Some of those dealing with the economics 
of the generation of nuclear power, hke those of 
J A Jukes on the economies of nuclear power, of 
J C Duckworth and C Hywel Jones on economic 
aspects of the United Kmgdom nuclear power pro- 
gramme, have m a few pomts been modified by 
statements in Parliament or elsewhere 

Three papers offer an important contribution to the 
discussions of power problems m the undeveloped 
countries Two of these are concerned with the world 
demand for nuclear energy m the first, K M 
Mayer reviews the economic setting for nuclear power 
and heat development, and m the second, Dr H J 
Bhabha discusses the need for atomic energy in the 
under-developed countries With N B Prasad he 
also surveys the contribution of atomic energy to a 
power programme in India Besides these, the 
Atomic Energy Commussion of Japan describes the 
long-term plan for the development of atomic power 
reactors in Japan authorized im 1957 

This plan emphasizes the large number of scientists 
and engineers required for technical research on and 
the manufacture of reactors, fuel elements and related 
equipment, and recognizes that there 1s a scarcity of 
such men throughout the world With this difficulty 
Dr Bhabha does not appear to be concerned, and to 
hım the problem ıs one rather of economies and capital 
imvestment It ıs probable, however, that the ques- 
tion of scientific and technical man-power, and the 
related one also recognized by the Atomic Energy 
Commission of Japan of a national industrial structure 
which permits efficient and easy assimilation of nuclear 
reactors and equipment, are far more important than 
finance It1s at least clear that the effective exchange 
of mformation and scientists and the establishment 
of close mternational co-operation, of which the 
Geneva Conference and the publication of is edited 
proceedings is an outstanding example, are essential 
factors m all such developments 

The development of nuclear power more especial 
m. the under-developed or less advanced indus 
countries 1s, however, only a particular exa” 
international technical co-operation, an” 
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1959 issue of the Annals of the American Academy of 
Political and Socal Scwnce devoted to that theme 
should be of even wider interest It shows the 
perspective in which technical co-operation 18 seen by 
Americans whether from the Congress end or from 
withm a particular mission The characteristic 
approaches of the United Nations Expended Pro- 
gramme and of the United States Pomt Four Pro- 
gramme are next outhned and then the less well- 
known bilateral approach of the Smo-Soviet Bloc 
technical assistance 

The bulk of the Symposium, however, 1s concerned 
with problems of administration, and these are illus- 
trated finally by descriptions of three programmes 
the United Nations programme m Brazil, the United 
States operations mission in Iraq, and the Ford 
Foundation programme in Pakistan The problem 
of finance 1s not ignored and Dr L K Caldwell deals 
imaginatively with the 10le of the technical expert, as 
does Mr R W Jones with the problem of personnel 
management m this field Constructive suggestions 
are to be found in the papers by P M Glick on the 
choice of mstruments for technical co-operation, 
by H Remimg on the Government contract as an 
admmustrative device, and by G W Lawson on 
technical co-operation for admmustrative improve- 
ment By and large the papers cover from an Ameri- 
can angle ground already traversed by Political and 
Economic Planning, and while they do not offer much 
m the way of new proposals they show the extent to 
which there i$ common ground in much progressive 
thought m this field, some directions im which further 
study and creative thought are needed and the 
magnitude of the effort which is already bemg made, 
to which m a special field some of those papers con- 
tributed at the Geneva Conference on the Peaceful 
Uses of Atomic Energy also testify 

R BRIGHTMAN 


ROCHESTER CONFERENCE ON 
SEMICONDUCTORS 


Advances in Semi-Conductor Science 

Proceedings of the Third International Conference on 
Sem1-Conductors, held at the University of Rochester, 
USA, August 18-22, 1958 Edited by H Brooks 
(International Series of Monographs on Semicon- 
ductors) Pp ix+553 (London and New York 

Pergamon Press, 1959) 100s net 


ger report of a conference can unfortunately be 
httle more than a collection of papers which 
could have appeared several months earher, dis- 
tributed among a handful of journals, and can be 
devoid of any of the spontaneous interchange of ideas 
which a conference should promote That of the 
Rochester conference on semiconductors does, how- 
ever, melude summaries of the discussions concluding 
each session, a review by J Bardeen of the trends 
in semiconductor research emphasized by the con- 
ference, and five excellent descriptive summaries by 
H Brooks, D Polder, L Apker, W H Brattam and 
C Herrmg Although the conference was nominally 
as mternational as those previously held at Reading, 
Amsterdam and Garmusch-Partenkirchen on the same 
subject, ıb was 1n fact dommated by American con- 
tributions and participation, but the unportance 
which has long been attached to the subject by 
American defence departments, industry and univer- 
sities assured an excellent array of papers, even 
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though none seems destined to alter profoundly the 
course of the subject 

The exciton was given much attention Broser, 
who had, two years previously, mvoked exerton 
diffusion to account for the propagation of photo- 
conductivity m some semiconductors, now considered 
that photon emission, scattermg and reabsorption 
better explained the findings of further experiments 
His earher co-worker, Balkanski, on the other hand, 
did not reject the idea that excitons could have large 
diffusion lengths Much interest was aroused by 
reports on clean surfaces of semiconductors (freshly 
cleaved or cleaned by bombardment), which require 
vacua of the highest order for them examination At 
the same time, the practical importance of real 
surfaces was reflected in. the continued efforts to find 
a model which explains the dependence of the surface 
electrical properties on the bulk properties, prepara- 
tion and environment Compound semiconductors, 
though not ignored, did not play a leading part, 
futher physical investigations of some probably 
await a tenfold reduction in the content of the 
residual impurities Hot carriers figured prommently 
m a session on transport phenomena, but the 
avalanche effect and tunnellmg, which has more 
recently opened up a new field of application of 
degenerate semuconductors, were not mentioned 

If the repoit lacks a few outstandmg papers, ib 
none the less shows that further conferences can be 
held on this subject, the scope may have to be 
limited, however, if both the conferences and then 
reports are not to be unwieldy J R TALMAN 


ENGINEERING STATICS 


Elements of Engineering Statıcs 

By Prof H Deresiewicz Pp vi+124 (New York 
Columbia University Press, London Oxford Uni- 
versity Press, 1958 ) 28s net 


TATICS has gained umportance in engmeering 
science because, together with the geometry of 
deformation, 16 forms the basis of structural analysis 
generally However, owing to the apparent require- 
ments of engineering practice over the past 100 years, 
a variety of set procedures for the analysis of struc- 
tures has been developed, using the prmerples of 
statics and geometry and the assumption of elastic 
behaviour . Accordingly, text-books on theory of 
structures have tended to be concerned more with 
the details of these procedures, or so-called methods 
of analysis, than with general prmeiples This has led 
to some confusion and misapplication of principles 
as well as failure to adopt a rational and discrimmat- 
ing approach to structural analysis Thus, even in 
published work, the so-called principle of least work, 
due to Castighano (1873), has been regarded as an 
appheation of the statical prmeiple of mmmum 
potential energy While the former i8 concerned 
with the compatibility of deformations within stati- 
cally mdeterminate structures the elasticity of which 
1s lmear, the latter 1s concerned with the stable equi- 
hbrium of conservative statical systems generally 
Having regard to this background, a book of the 
kind written by Prof Deresiewiez, which presents the 
principles of statics m relation to the requirements 
of engmeering science, 1s welcome indeed It con- 
tains chapters on the elements of vector algebra, 
equilibrium including consideration of statical determ- 
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macy, equivalence of force systems, simple struc- 
tures, shding friction, work and energy methods and 
equilibrium of space systems Chapter 7, on work 
and energy methods, 18 particularly important as an 
introduction to energy principles and their power as 
analytical devices, and should serve to prevent 
the kind of confusion to which reference is made 
above Thus, sections on real and virtual work, 
potential energy and stability are mcluded m this 
chapter 

Another important feature of the book is the large 
number of worked examples which ıt contams and 
the appended selection of examples for solution, 
with answers It 1s to be hoped that this book attracts 
the attention of teachers and students and that, 
together with similar works m the future, ıt will lead 
to more advanced courses in apphed statics to 
supplement those ım techniques of structural analysis 

T M CHARLTON 


GRASSLAND MANAGEMENT 


Grass Productivity 

By André Voiun Translated from the French by 
Catherme T M Herriot Conversion of Tables by 
M M Sandilands Pp xiv+353+41 photographs 
(London Crosby Lockwood and Son, Ltd, 1959) 
50s net 


HIS book by André Voism is timely if only for 
the influence it may have ın re-stressmg the 
importance of exploiting pasture by better grassland 
management practices M Vom is a scientist who 
became a practical farmer, he farms a sixty-acre 
dary farm wholly m grass m the Department of 
Some Inférieure near Dieppe He has clearly given 
much thought to the problems of growmg grass and 
of using ib mtensively by means of his dairy herd 
He is an enthusiast particularly m respect of the 
health of his animals and as a farmer 18 much con- 
cerned with high yields, attamimg thereby a satıs- 
factory economic return He regards the process of 
grazing as the “meetmg of cow and grass" and 
throughout hus book mdicates the importance of this 
concept by laymg emphasis on the facts that the 
yield from grazed pasture enormously depends upon 
the way animals aie put to graze 15, and also on when 
they graze m relation to the physiological growth of 
the herbage offered them 
High quahty and maximum yields from pasture 
lands ın France, as m Britam, come about as a result 
of good farming practices and one feature of these 
18 the part which animals play m maintamumg the 
botanical balance between species m the pasture It 
1s by no means certam, however, that the animal 1s 
an essential ingredient of the ‘high-production 
pasture complex’ Indeed, many pasture fields m 
Alpine Europe are highly productive by any modern 
standard and yet are seldom grazed by animals The 
recent mterest in so-called ‘zero grazing! and the 
nineteenth century vogue for ‘soilmg’ m Britam 
mvolve periodic harvests of herbage and feeding 1t 
immediately to anumals living away from the field on 
which ib 18 grown The success of all these schemes 
depends upon mamtamumg rapid growth and high 
levels of herbage yields by fertilizer (cluding d 
and urme) applications to the pasture fields Given 
these conditions there need be no difficulty in mam- 
tamung either immediate yield or balance of botanical 
constituents upon which continued productivity 
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depends Success as a viable economic process 
depends much also upon the mput of labour and 
machinery m relation to net output of animal product, 
compared with other systems of utilization 

M Vom attempts to describe ın some detail the 
mechanism of grazing and perhaps draws too lage a 
distinction between normal grazing by the cow and 
harvesting by machme Undoubtedly there aie 
differences between these two mechanisms, but 1b is 
dangerous to over-stress the differences out of context 
It may be that the mechanics per se of grazing are 
no more important than is the fact that anımals 
deposit dung and urine on the land from which they 
graze, and thereby return plant nutrients into 
circulation and so accelerate the rate of turnover of 
nutnents withm the plant/ammal/soil system M 
Voisin makes much of the concept that ‘cows refuse 
to work any hours of overtime” The suggestion that 
grazing arumals feed when at pasture for strictly 
eight hous a day is based on quite fragmentary 
evidence In fact there are a number of records in 
the hterature which show that m many circum- 
stances the rumunant will actively graze for many 
more hours a day than the stipulated ‘union rate’ 
of eight hours 

The book is excellently produced and the Enghsh 
translation done well, although a number of errors 
occur m the text Some of these are almost certainly 
due to translation and can be ehmunated in a 
second edition There 1s also a good deal of repetition 
which ıs possibly more obvious m the English text 
than m the ongmal M Voism’s book, however, 
should prove a useful addition to the libiary of 
any thinkmg husbandryman W Davies 


HUMANE EXPERIMENTS 


The Principles of Humane Experimental Technique 
By Dr W M S Russell and R. L Burch Pp 
xiv4-288 (London. Methuen and Co, Ltd , 1959 ) 
30s net 


XPERIMENTS on living animals present a 
number of difficulties Individual animals 

differ from one another in their responses, so it 1s 
usual to make numerous replicate observations as & 
basis for reliable predictions Animals are sensitive 
to small changes of many kinds in their environment, 
and this sensitivity can affect an animal so that ıt 
reacts differently to the same experimental stimulus 
on different occasions The more disrupting the 
stimulation, the more violent the reactions of the 
animal and the more inconsistent its response These 
are also the circumstances in which the animal 1s in 
all probability distressed or m pam The various 
responses which are associated with distress and pain, 
and which help the ammal to overcome or escape 
from injury greatly complicate any study of the direct 
response to the muitial stimulation, and so are usually 
undesirable from the scientific as well as the humane 
aspect Every step which can be taken to reduce the 
complexity of an animal’s response will reduce also 
the experimental variation, and so there 1s good reason 
for considering humanity and experimental design 
as one problem 

It 1s both humane and economical also to use as 
few animals as possible 1n experiments 
it is rather difficult to know to what extent 
Britain the use of animals 18 mmimized The 
available from the Home Office return: 


However, ^ 
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detailed enough to be informative More extensive 
information was obtained in & survey conducted by 
the Laboratory Anumals Bureau in 1952 This survey 
depended on the voluntary co-operation of the 
relevant laboratories, but as about 80 per cent replied, 
the results are reasonably representative The 
material has already been analysed by Lane-Petter 
with particular 1eference to the procurement of 
experimental animals, and ıt 1s now analysed again 
m this book by Russell and Burch from the pomt of 
view of their use 

It must be admitted that ıt 1s a rather incoherent 
body of data and its defects are indicated (as Dr 
Russell admits) when 108 canaries of Lane-Petter's 
report reappear in the present analysis as 72 ducks 
However, ıt 18 the best avaiable, and its madequacy 
suggests that the best and most economical use 
of animal resources does not receive as much 
attention as ıt deserves The rest of the book deals 
with this problem m terms of replacement of the 
whole animal by a physical or chemical system, a 
tissue culture, or a preparation of an isolated organ, 
reduction of the numbers needed by avoiding quantal 
observations and other extravagant designs and 
by good environmental control, and iefinement of 
technique ın choosing suitable species, responses and 
methods of approachmg a problem 

All these approaches are desirable and useful, but 
must be considered in the light of the particular 
problem which ıt 1s necessary to solve experimentally 
It 1s useful to have a résumé of ways which have 
already been adopted to make experimentation as 
humane as possible, and so this book is in some ways 
supplementary to the well-known UFAW handbook 
on the care of laboratory animals It ıs not suffici- 
ently mformative to be used as a guide either to details 
of experimental design or to the husbandry of experi- 
mental animals Perhaps its chief purpose is to 
stimulate thought on both these topics, and ib 15 to 
be hoped that 16 will succeed ın doing so 

M WEATHERALL 


U.S. ARMY NEUROSURGERY IN 
THE SECOND WORLD WAR 


Surgery in World War Il Neurosurgery, Vol | 
Colonel John Boyd Coates, Jr, M C, Editor m 
Chief (Medical Department, United States Army) 
Prepared and published under the direction of 
Major General S B Hays Pp xix+466 (Wash- 
mgton, DC Government Pimting Office, 1958) 
5 dollars 


HISTORY of surgery in the Second World War 
iS in course of preparation by the Medical 
Department of the Unrted States Army Two 
volumes are devoted to neurosurgery The first of 
these has been published and deals with the organ- 
ization. of the neurosurgical services and the care of 
head injuries at all stages after wounding The 
second volume will deal with spinal and peripheral 
nerve injuries 
The first volume is edited by Drs R G Spurhng 
and Barnes Woodhall, contains 466 pages, and 18 
beautifully produced and illustrated Although 
fouteen authors have contributed sections, there 
is httle overlap between these, and the quality of 
almost every section ıs extremely high The early 
chapters are concerned with the plannmg and 
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development of neurosurgical services m the United 
States itself, and the Emopean and Mediterranean 
theatres, and 1eveal what can be achieved by excel- 
lent organization Thus the nine neurosurgical 
centres set up m the United States m August 1942, 
each with 150 beds, had mereased m two years to 
nineteen, each with 350—500 beds, and within another 
year certam of these hospitals had 2,000 beds 
Although a programme of trammg for military neuro- 
surgeons was instituted early in the War, ib is no 
surprise to hear that 1t was at times difficult to find 
what was considered to be the appropriate medical 
personnel for these numerous centres, imn particular 
at the ward officer level When the demand for 
neurosurgeons overseas developed, the problem of 
distribution of personnel was at times difficult The 
assistance of organic neurologists would have been 
mvalusble but ther scareiby in comparison with 
neuropsychiatrisis rendered such aid quite mfrequent 
The contributions of the consultant neurosurgeons 
in disseminating knowledge through visits, news- 
letters and conferences were mvaluable In all 
theatres of operations ıt was believed that neuro- 
surgeons could be most profitably employed im 
evacuation hospitals 15-20 miles from the front, the 
patients bemg transferred to neurosurgical centres 
some days later 

The geater part of the volume is given over to 
the consideration of therapy in the head mjuries of 
modern warfare, and contains several outstanding 
contributions In one of these the modern manage- 
ment of missile wounds of the head receives detailed 
consideration. The post-operative fatality rate m 
several groups of patients treated by such techniques 
was approximately 14 per cent, another 12 per cent 
of the patients reaching hospital after à head myury 
dymg without treatment These figures give eloquent 
testumany to the success of the plans for treating 
neurosurgical casualties and the skill of those who 
carried them out 

Another excellent contribution deals with post- 
traumatic epilepsy Almost 250 patients were sub- 
mitted to a carefully planned study In 55 per cent, 
seizures were controlled medically for a mmmum 
period of four months, 17 per cent were lost to the 
investigation and in 28 per cent the attacks remained 
uncontrolled Two-thirds of the latter group of 66 
patients were treated surgically From the early 
results ıt 1s considered that surgical measures may 
have a limited place m the management of post- 
traumatic epilepsy which does not respond to 
medical measures 

Other articles deal with pathological aspects of 
missile wounds, blest concussion, infective com- 
plications of bram wounds and ventricular pene- 
tration by mussiles, as well as the repair of skull 
defects Perhaps the only omission 1s a discussion of 
the rehabilitation and resettlement of patients with 
brain wounds Such a section would have completed 
the story of the group of patients so fully considered 
fiom other pomts of view 

This contribution to the history of surgery m the 
United States Army m the Second World War i8 a 
very valuable one It is a fascmating account of the 
development of the Army neurosurgical services and 
ther utilization durmg the greatest of wars More- 
over, it provides m readily available form detailed 
mformation which will be invaluable to those 
concerned m the development of a military neuro- 
surgical service in the future, should the need for 
this arise J E A O'CONNELL 
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Précis de Pétrographie 

Roches Sédimentaires, Métamorphiques et Eruptives 
Par Prof Jean Jung Pp 314+20planches (Paris 
Masson et Cie, 1958 ) Broché, 3,600 francs , Cartonné 
toile, 4,600 francs 


O Prof Jung, petrography and petrology are 1ll- 
separated, and in this book he considers not only 
the descriptions of different sorts of rocks in thin 
section but also ther mutual relations and origms 
The book 1s intended as an mtroduction to the science 
of rocks for students engaged on degree courses, and 
1b 1s an admirable introduction, concise and essentially 
complete There are, however, no references or 
bibhographies, which may be considered a drawback 
in & work which 1s so condensed It 1s organized in 
four sections, the first on rock-formmg minerals, the 
second on sedimentary and residual rocks, the third 
on metamorphic rocks, and the fourth on igneous 
rocks, each of which is copiously illustrated with 
excellent hne drawings and photographs 
An early chapter contains one of the most compact, 
readable, logical, and memorable expositions of the 
structure of the silicates to be found ın any text-book, 
and sets the tone for the rest of the book The clanty 
of the writing 1s such that very modest lhnguistic 
ability, aided by & good dictionary, 1s sufficient to 
make the text easily mtelligible Even so, ıb is 
probable that the majority of English-speakmg 
students will not wish to add translation to the other 
burdens mvolved m mastermg a new subject, and 
possibly the greatest value of the “Précis de Pétro- 
graphie” outside the French-speakmg world will be 
to more advanced students, who will find 1n 1t a rapid 
means of verifying the systems of rock nomenclature 
and classification in use in France, together with the 
accepted views on petrology current there 
J C. M TAYLOR 


The Physics of Elementary Particles 

By Prof J D Jackson (Investigations m Physies, 
No 9) Pp x+135 (Princeton, NJ Princeton 
University Press, London Oxford University 
Press, 1958 ) 30s net 


HIS book gives a sunple and readable account of 
the main features of elementary particles and 

thew interactions other than the electrodynamic 
interaction of photons with electrons and positrons 

The first part of the book deals with pi-mesons and 
nucleons, particularly pjon-nucleon scattermg and 
photo-pion production These processes are treated 
from a semi-classical pomt of view, but an outline 18 
also given of the dispersion relation approach to 
seattermg The determination of the spin and parity 
of the pions 1s not discussed, which 1s a pity, as a few 
extra pages would have added greatly to the com- 
pleteness of the picture 

The next section gives the basic facts about k- 
mesons and hyperons, introduces the concept of 
‘strangeness’ and distinguishes clearly between strong 
and weak interactions 

The last part of the book describes the weak mter- 
actions, including a discussion of space and time 
reflexion, and charge conjugation invariance The 
final sections review the experimental determination 
of the B-decay interaction and discuss the universal 
Ferm interaction 

In his preface the author wisely remarks “In a 
field of physics that ıs changmg every instant ıb 1s 
senseless to hope that a book written to-day will 
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endure beyond to-morrow, but I hope that this volume 
will serve for a short time as a useful mtroduction to a 
fasemating subject" He has succeeded admirably 
in this limited objective P T Marreews 


Analytical Chemistry 

Some New Techniques By A G Jones. Pp vm-+ 
268 (London Butterworths Scientific Publications , 
New York Academic Press, Inc, 1959) 40s 


N this useful book, several of the more recent 

techniques of analytical chemistry are described 
Larger texts, mainly American, have appeared which 
cover similar ground, but these have generally been 
designed for advanced student trammg The book 
under review 1s amed at semor chemists who have 
little time to delve into the original hterature and 
who want a succmet account of a new technique 

The methods which have been chosen are flame 
photometry, differential spectrophotometry, gas 
chromatography, 1on exchangers, acid-base titra- 
tions In non-aqueous media, coulometric titrations, 
differential refractometry and the determination of 
oxygen and hydrogen in metals In each section, 
the prmeiples of the method are delmeated, the 
essential apparatus is described and the applications 
are discussed A broad idea of the possibilities of 
each technique ıs given and, just as important, its 
limitations are mentioned , the reader ıs warned of 
the most hkely sources of error A number of 
references is given to more detailed texts and to the 
origmal literature 

The section on the determmation of oxygen and 
hydrogen m metals 1s devoted to the analysis of the 
one-time 1arer metals , most of the actual techniques 
m this part have been used for years m the won and 
steel mdustry, but ther bioader application is quite 
recent and has mvolved special problems 

In general, this little book serves its purpose 
admurably and should be welcomed as & simple 
exposition of several very valuable techniques 

A M G MAODONALD 


Mites, or the Acari 

By T E Hughes Pp vu+225 (London The 
Athlone Press, University of London, 1959 Dis- 
tributed by Constable and Co., Ltd) 42s net 


T is surprising in view of the economic importance 

of mites and ticks that this should be the first 
comprehensive account of their biology and anatomy 
to be published m Britam Mr Hughes’s text can be 
considered in two sections In Chapters 1-6 an 
account 1s given of the biology of both free-hving and 
parasitic species, while Chapters 7-14 deal with their 
anatomy The formidable task of gathering biological 
mformation from a scattered hterature and presenting 
a readable survey has been well done, although ıt 
is unfortunate that a number of errors have escaped 
the author's notice For example, ıt 18 meorrectly 
mnphed that the Bdelhdae are exclusively hítoral 
and that the Rhodacaridae prefer saturated con- 
ditions The second section 1s more authoritative 
The discussion of the external and internal anatomy 
of the Acari ıs based on a critical review of evidence, 
a considerable amount of which has been derived 
from the author's own researches. The outline classi- 
fication presented in the final chapter should prove 
useful to the general zoologist The book ıs well 
produced and the text-figures are of high standard 
throughout G O Evans 
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GAMMA-RADIATION FROM DEPOSITED FALL-OUT 


By D. H. PEIRSON and L SALMON 


Health Physics Division, Atomic Energy Research Establishment, Harwell 


s be: rate of deposition of fission products from 
nuclear test explosions has mcreased since 1957 
This increase 18 shown, fo. example, in the annual 
deposition of strontrum-90 observed}? m ramfall at 
Milford Haven, Pembrokeshire 


Table 1 
Deposition of strontium-90 
Year (me /km * 
1952-54 20 
1955 24 
1956 25 
1957 26 
1958 54 


About two-thirds of the deposition m the United 
Kingdom durmg 1959 ıs produced by the explosions 
of autumn 1958 This 1s deduced from measurements 
of the strontium-89/00 ratio m ramwater and similar 
data from dust samples from the atmosphere 
Therefore, not only has the rate of fall-out mcreased 
but it also follows that current deposition contaims a 
large proportion of fission products of half-lives 
shorter than those of stiontrum-90 (28 years) and 
cesium-137 (30 years), which are considered to have 
the greatest long-term radiological significance It 1s 
instructive to consider the increase of external gamma- 
radiation due to the deposition of the short-hved 
fission products 


Analysis of Soil 


The increase in gamma-radiation has been analysed 
by assaying samples of soil and grass fiom several srtes 
in the United Kingdom 

Samples of undisturbed topsoil, including vegeta- 
tion and root-mat, are cut m dimensions 15 em x 
15 em x 7 em deep Each sample is thoroughly 
mixed and counted m bulk (~ 1 kgm ) by a gamma- 
ray scintillation spectrometer, contammg a sodium 
iodide crystal (7 8 cem x 75cm diameter) shielded 
by 10 em of lead and coupled to a multi-channel 
pulse analyser The gamma-ray spectrum of the 
deposited fission products hes superimposed upon 
that of the natural radioactivity of the soul, namely, 
the uranium and thorium series and potassium The 
spectrum of natwal radioactivity ıs measured at 
each site in & second sample cut from immediately 
beneath the first Comparison of the spectia from 
the two samples allows the contribution due to 
fission products to be extracted fiom the composite 
picture, since m all cases i6 1s found that at least 
95 per cent of the deposited fall-out 1s confined to 
the top 7 em of soil 

The principal fission products that have been 
assayed by this means in recent sou samples are 
shown in Table 2 

. Parent and daughter activities are bracketed m 
this table — Half-hves and gamma-ray energies are 
available from Strominger et al? 
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Table 2 
Gama-ray energy 
Fission product (MeV ) Half-hfe 
Cosium-137 1 — 30 year 
(Barium-137m) f 0 661 2 6 min 
Zirconium-95 1 0 72,0 76 65 day 
Niobium-95 db 077 35 day 
Ruthenium-103 0 50 42 day 
Ruthenium-106 1 — [f 1 year 
Rhodium-100 f 051 Š | 30 sec 
Cerium-141 0 145 33 day 
Cerium-144 0 184 290 day 





The results of soil assays at seven sites are sum- 
marized in Table 3 
. Apart from the case of czsrum-137 the significant 
gamma-ray activities m the soi samples amse from 
combinations of paws of fission products The 
genetic relationship between zirconmm-95 and 
mobium-95 permits calculation of the contribution 
fiom each, assummg the pair to be in transient 
equikbrium No such relationship exists ın the other 
pairs, so to avoid the uncertain conversion to beta- 
disintegrations, the surface concentrations of deposited 
fission products are expressed as me jkm ? of the 
appropriate gamma-disimtegrations An additional 
component observed m the spectia of most samples, 
but not hsted m the table, has been attiibuted to 
zinc-65 (245 days) The contribution of this isotope 
to the total activity 1s insignificant 

Continumg deposition will increase and radioactive 
decay will decrease the content of any radionuchde 
Smee collection of the soi samples was extended 
over a period of three months, the activity of the 
short-lived gamma-1ay emitters at the various sites 
should be compared 1n the hght of these factors The 
small contributions from cerrum-141, -144, 1uthenrum- 
103 and rhodium-106 are a result of low yield pe 
fission, low gamma-ray abundance per disintegration 
or previous decay The activity of csesmum-137 
represents an accumulation from explosions ovei 
some years, whereas that of zirconnim-95—niobrum-95 
origmates from the most recent series of tests 

Soil samples fiom Illhnois m 1957 were analysed i 
a similar manner by Gustafson et al 4 


Cumulative Deposition in Rain 


The relationship between the surface concentration 
of essrum-137 and mean annual ramfall ıs demon- 
strated m Fig 1 

The concentrations of activity due to casrum-137 
and zirconium-95—niobium-95 at Milford Haven 
may be derived m another way by calculating the 
cumulative deposition, conected for decay, m ram- 
water These are plotted m Fig 2 The activity 
of cxsrum-137 was obtamed from pubhshed depom- 
tion data’? Measurement of the deposition at 
Milford Haven of zirconrmm-95—niobium-95 (unpub- 
hshed) started only m August 1957 An approximate 
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Table 3 
Ruthenium 103, Zireonium-95— 
Cerium-141, -144 Rhodium-106 Cæsıum-137 Niobium-05 Total 
Site and date [t 
me y/km ?^| yr /hr me y/km ?| pr jbr me ykm ?| ur /hr me yikm *| ur /hr ur [hr 
Kew (Surrey) 8 13 34 
26 8 59 0 07 7 
Shilton (Berks ) i 34 22 oe 158 Mira M 
0 30 2 
AMOR (Berks ) 24 22 28 M 185 ne pl 
0 05 0 20 0 32 
Milford Haven (Pembroke) 17 18 43 182 aY di 
1475 i 0 04 0 16 0 50 237 81 
Eskdalemuir (Dumfries ) 19 27 54 130 
0 04 0 24 0 62 1 00 19 
‘Windermere (Westmorland) 24 33 75 331 
1 0 05 0 30 0 86 4 80 55 
Snowdon (Caernarvon) 40 57 138 567 
27 6 59 0 09 051 1 58 7 88 95 








startig pomt for this curve was obtamed by the 
somewhat crude assumption that the cumulative 
deposition of zireonium-95 at this date was identical 
with that of strontrm-89 (available from ref 1) 
Any error due to this assumption becomes progres- 
sively less 1mportant after September 1957 on account 
of the radioactive decay Thus by March 1958 the 
uutial error has been reduced to one-tenth 

The calculation from cumulative deposition gives 
estimates of the concentrations of activity of cæsium- 
137 and zircomum-95 and niobrum-95 at Milford 
Haven that are about 70 per cent of those from the 
soul assay The factors that might contribute to 
this discrepancy melude non-uniformity of the site 
dramage, madequacy of the sampling method and the 
possibility of dry deposition The analytical error, 
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Fig 1 Cwsrum-137 ın soil (June-August 1959) versus rainfall 
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Fig 2 Cumulative deposition at Milford Haven 


at least for the determination of cæsium-137 and 
zirconlum-95-niobium-95, is probably not greater 
than 10 per cent 


Gamma Radiation Dose-rate 


The surface concentrations listed m Table 3 
are converted to gamma-ray dose-rates by using the 
data of Chamberlam* The dose-rates at a height 
of 1 metre are calculated by neglecting absorption 
m the sol The effect of absorption 1s small for the 
freshly deposited zireonium-95—-mobium-95 but may 
be significant for the long-lived cæsıum-137 that 1s 
subject to contmuous weathering 

Only at the Chilton site 18 1b possible to compare 
by direct measurement the gamma-radiation dose- 
rates due to fission product and natural radioactivity 
Elsewhere no measurements were made before the 
penod of significant fall-out At Chilton the dose- 
rate due to natural radioactivity (excludmg cosmic 
rays) ıs 5 ur jhr. The increase in June 1959 due to 
fission product deposition is ~ 50 per cent 

Ti 1s clear that, durmg this period of soil sampling, 
the enhancement of gamma-radiation dose was mainly 
due to the fission products zirconrum-95-niobrum-95 
Undoubtedly, if nuclear test explosions were not 
resumed these short-lived fission products would 
become msignificant compared with essmum-137 If 
the production of nuclear debris continues at the rate 
of 1957-58 then the gamma-radiation dose from 
arconium-95—mobrum-95 could become a significant 
radiobiological hazard Thus at mean rates at 
Chilton corresponding to June 1959, the approximate 
annual dose above uncultivated land from zireonium- 
95-mobium-95 would be 20 mr /year and that for 
cesium-137 2 mr fyear, compared with about 40 
mr /year from ‘natural background’ activity (exclud- 
mg cosmic rays) At other sites having heavier 
rainfall and greater fall-out deposition the annual 
dose-rates would be correspondingly larger 

The dose to the population, making allowance for 
weathermg and sheldmg by buildings, has been 
estimated by Sprers (see following article) 


1 Stewart, N G, Osmond, & G D , Crooks, R N , and Fisher, Miss 
E M R,AERE Report HP/R 2354 (HM Stationery Office, 
1958) Stewart, N G , Osmond, R G D , Crooks, R N , Fisher, 
Miss E M BR, and Owers, M J, AER E Report APIR 2790 
(HM Stationery Office, 1959) i NEM 

2 Croo , Osmond, R G D, Owers, M J, and Fisher, Miss 

" SN 3 an ERE Report 23094 (1 M Stationery Office, 1959) 

2 Strominger, D , Hollander, J M , and Seaborg, G T, Rev Mod 
Phys , 30, 585 (1958) 

t Gustafson, P F , Mannelh, L D, and Brar, § S, Sevence, 197, 
1240 (1958) 

‘Chamberlain, A C, AER E Report HP/R 2606 (HM Stationery 
Office, 1958) 
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SOME MEASUREMENTS OF BACKGROUND GAMMA 


RADIATION IN LEEDS DURING 


1955-59 


By Peor F W SPIERS 


Department of Medical Physics, and MRC Environmental Radiation Research Group, 
University of Leeds 


REAT interest centres on the extent to which the 

fission produets from nuclear weapon tests add 
to the dose received by human beings from natural 
environmental sources The extra radiation dose is 
contributed both by radioactive nuclides which 
become incorporated in the body and by penetrating 
radiations from fission products deposited on the 
ground Estimates of the external fraction of the 
dose? suggest that it 15 smaller than that received 
from internal sources, but such ealeulations neces- 
sarily involve many assumptions , The radiation dose 
out-of-doors 1$ calculated. for a uniformly contamin- 
ated plane surface and assumptions are made con- 
cerning the leaching away of surface deposition by 
rain. In estimating the dose to the population further 
assumptions must be made as to the shielding 
afforded by houses and the fraction of the day spent 
out-of-doors 

A number of measurements of the total y-ray dose- 
rate have been made in Leeds over the years 1955-59, 
and these, together with other observations now 
reported, indicate that over undisturbed grassland a 
considerable increase in dose-rate has occurred 
Present mformation is insufficient to determme an 
over-all average increment for sitesi ndoors and 
out-of-doors but the merease will be much less than 
that over grassland , tentative estimates, however, 
suggest that 16 1s probably greater than the dose-rate 
to body tissues from ingested essium-137? 

Measured y-ray dose-rates at pomts 1 ft above the 
centres of two small lawns m Leeds are shown in 
Fig 1 They have been made at varymg intervals 
smce July 1955, the first four measurements bemg 
made with Geiger counters and those smce August 1, 
1957, with a portable high-pressure ionization 
chamber ‘The two Geiger counter measurements 
C and D in 1957 were standardized by comparison 
with the calibrated high-pressure 10mzation chamber , 
the measurements m 1955 (A) and 1956 (B), made 
with different counters, were each hnked to those m 
1957 by the y-ray responses to a standard radium 
source 

The high-pressure ionization chamber was used 1n 
these vestigations because its sensitivity and stabil- 
ity of response enable the level of background gamma- 
radiation to be followed over a long period of time 
The chamber was used under drift-rate conditions 
and the change of potential of the central electrode 
was measured by applying a balancing voltage to the 
grid of a mmiature electrometer valve m a Townsend 
balanemg circuit Calibration was carried out m a 
large hall, under conditions of mmimum practicable 
scatter, with sources of radium and 1odme-131 giving 
known gamma-ray dose-rates* The final calibration 
figure.was derived on the basis that the local gamma- 
radiation could be regarded as approximately 


equivalent in quality to a mixed radiation, in which 
70 per cent of the dose-rate was attributable to radium 
gamma-rays and 30 per cent to 1odmo-131 gamma- 
rays! <A drift-rate of 1 volt per min on the central 
electrode then corresponded to a y-ray dose-rate 
of 503 mrad per year or 5 73 prad pei hour 
The stability of response of the instrument is shown 
in Fig 1 by the measurements made inside a heavily 
shielded steel cubicle where the radiation, bemg 
almost entirely cosmic, 1s independent of changes m 
the local ganma-radiation outside 16 The measured 
response in the steel room has remained throughout 
at 0 50 + 0 01 volt per mm when corrected for the 
small changes of cosmic-ray intensity with baro- 
metric pressure Corresponding to this response 
withm the steel shield, a drift-rate of 0 7 V per min 
has been subtracted from the outside readings to 
allow for the cosmic-ray contribution 

The local y-ray dose-rate over lawn 1 (Fig 1) 
shows a small nse during 1955-57, but, m addition 
to fluctuations which melude the transient effect 
of the Windscale reactor accident’, there 1s a marked 
merease from the autumn of 1957 to May 1959 
There are fewer observations on lawn 2, but they show 
a very similar rise The dotted curve m Fig 1 gives 
the total deposition of strontzum-90 at Milford 
Haven, which provides some indication of the total 
deposition of long-lived fission products The 
surface gamma-radiation cannot be expected to follow 
this closely, but the increase in slope of the y-ray curve 
18 roughly in step with the increased deposition of 
strontium-90 since the begining of 1958 
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Fig 1 y-Ray dose-rates over lawns ın Leeds, the line A’ D' 

indicates the revised dose-rates for A, B, O and D, if the whole 

of the difference between point E (a single observation) and the 

other measurements 1n the steel room were attributable to grid 
eurrent in the electrometer valve 
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Fig 2 Dose-rates over tilled soil and permanent grassland near 
Leeds, June 1959 (Tiled 801] was ‘rotovated’ in December 1958, 
March and May 1959) 


The most recent observations recorded in Fig 1 
(October 1959) show some decrease from the high 
values reached in May, m accord with the decay of the 
deposited zirconium-95-mobium-95 fission products 
which contribute a large fraction of the gamma 
radiation The dose-rate over lawn 1 in May 1959 
was about 3 urad per hr, or 25 mrad per annum, 
greater than m 1956 This measured merease can 
be compared with the dose-rates of 2 3-3 l urad per 
hr , calculated by Penson and Salmon (see preceding 
article) from the measured amounts of fission pro- 
ducts m the top 7 em of soil for sites at Chilton, 
Abmgdon and Milford Haven The increase in dose- 
rate measured at Leeds 1s about one-half that cal- 
culated for Windermere and one-third of that for 
Snowdon (Person and Salmon) Increments m the 
y-ray dose-rate of 2 2, 1 2 and 3 1 urad per hr have 
been calculated by Gustafsons for the months of 
Apri, July and September 1958, respectively, on the 
basis of the measured fission product activity m soil 
at Argonne National Laboratory 

An observed difference m the y-ray dose-rate over 
tilled land and permanent pasture 1s shown in Fig 2 
The dose-rate of 9 2 urad per hr near the house wall 
includes the contribution from the radioactivity of 
the brickwork, but at 40 ft from the house the dose- 
rate at a height of 1 fèt 1s evidently representative 
of the activity of the surrounding land The dose- 
rate over the uncut pasture 1s about l urad per hr 
greater than that over the garden, a difference which 
may be reasonably ascribed to burial of the fission 
products by mixing them to a depth of 6 m to 9m 
by ‘rotovation’ One month later, after the grass 
had been cut and removed, the difference between the 
field and the garden had fallen to about 05 urad 
per br and 5 months later the dose-rates at the 
two sites were the same, withm the error of measure- 
ment Incidentally, at the time the hay was stacked 
the dose-rate near the haystack was 4 urad per hr 
above that m the open field 

The finding that radioactive deposition 1s located 
1n the upper layers of undisturbed soil (Person and 
Salmon as ref 6) is supported by some observations 
of the y-ray dose-rate over a small lawn deliber- 
ately contaminated with iodine-181 at a level of 
40 pe persq m ‘This contammation produced an 


NATURE 


1681 


initial dose-rate (at 1 ft above the lawn) of 105 urad 
per br, or about ten times the background-rate, 
on March 17, 1958, and the dose-rates, measured 
periodically over the next 45 days, are shown m Fig 
3 Ib was hoped that the ramfall of an Enghsh 
spring might provide evidence of the leachmg effect 
of the 1odme-131 from the soil ‘The rainfall was 
rather small, however, and the test fell short of its 
orig.nal design It 1s evident from Fig 3 that the 
dose-rate diminished at a rate almost equal to the 
1odine-131 decay rate and that the ramfalls of 
12m for April and 0 7 m for May did not appie- 
ciably affect the dose-rate by carrying the contamma- 
tion to any considerable depth 

Although ıb is not possible to assess accurately the 
effect of fall-out on the external dose-rate to the 
population, it 15 useful to consider what merease in 
average dose-rate might be implied by the present 
observations on the Leeds lawns With regard to 
weathering, the evidence on the deposition of fission 
products in the surface layers of undisturbed soi 
suggests that the dose-rates observed over lawns are 
not very much less than those to be expected if the 
fall-out remained without loss on the surface An 
indication of the attenuation which might result from 
&bsorption of radiation, when the fall-out is distri- 
buted throughout the top 3 m of soil, 18 given by 
observations of reduced dose-rate over snow On 
two oceasions in 1958, layers of snow about 4 m 
deep reduced the observed dose-rates on lawn 1 to 
about 85 per cent of the ‘unshielded’ values obtamed 
immediately after the snow melted About the same 
degree of attenuation might reasonably be expected 
for the radiation from fission products lymg at a 
mean depth of 1-1 5 in The observed moerease of 
about 25 m rad per annum m the dose-rate over lawn 
I since 1956 might be taken, therefore, to imply an 
merement of about 30 mrad per annum under 
conditions of no weathering or other removal by 
rain 

In deriving the population dose a factor for 
‘weathering must be introduced because washing away 
of fall-out 1s to be expected over strééts and hard 
surfaces Further factors for shielding when indoors 
must also be used If, following the Medical Research 
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Fig 3 Decrease of dose-rate with time after deliberate contamma- 
tion of a lawn with 10d1ne-181 to produce an initial dose-rate of 
about ten times the background-rate , daily rainfall given minches 
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Council Report of 1956, we assume reduction factors 
of 3 for weathermg and 7 for shieldmg, and an 
average period of 2 5 hr a day spent ın the open, the 
umplied increase ın the dose-rate to the population, 
above the 1956 level, would be about 2 5 mrad per 
year The Report of the United Nations Scientific 
Committee? discusses the range of weathermg and 
shielding factors used by different authors and adopts 
a combined over-all factor of 10 On this basis, the 
increment of 30 m rad per annum in the uncorrected 
outdoor dose-rate would lead to an increase of 3 
mrad per annum Because of shielding of the gonads 
by overlying tissues, the merement in the average 
gonadal dose-rate would be about two-thirds of these 
estimated external rates or about 2 m rad per year 
There are, however, considerable uncertamties as 
to the values to be used as representative weathermg 
and shieldmg factors and at present the limited evı- 
dence we have collected 1s msufficient to establish 
reliably the average change in the dose-rate mside 
houses At one site, m a ground-floor room faemg 
lawn 1 m Leeds, an merease ın dose-rate has been 
observed which amounts to about 80 per cent of the 
outdoor value After the Windscale reactor accident, 
the morease in. this room was one-third of the outdoor 
value and the higher fractional increase now obtamed 
might be taken to mdieate the presence of fission 
products mdoors In a smgle-story laboratory, the 
background dose-rate mereased by 7 5 mrad per 
annum between October 1957 and October 1958, 
with a further merease of 4 mrad per annum b 
July 1959—3ánerements which are about half those 
observed over lawn 1, but m step with them Ina 
second-floor room in another house no significant 
change oceurred over the period June 1958 to June 
1959, during which time the dose-rate over lawn 1 
increased by about 5 m rad per annum An average 
shieldmg factor for the inside of a house, which 
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depends on the sitmg of rooms, door and window 
areas and the presence of neighbourmg buildings, 1s 
difficult to assess. but ıt may be less than the value 
7 adopted above 

The present mcrease in the gonadal dose-rate may, 
therefore, be as httle as 2 m rad per annum, but this 
estimate is hkely to be low rather than high The 
increment, however, 1s greater than the values of 
0 25-1 mrad per annum suggested (so far for the 
year 1957 only) by the United Nations Scientific 
Committee? and it is greater than the average 
merement ın gonadal dose-rate from ingested cæsium- 
137 which, m 1958, amounted to approximately 
l mrad per annum? A probable upper limit to the 
dose-rate merement can be suggested if the ground- 
floor observations are regarded as typical of the lower 
range of buildmg protection factors An average 
protection factor of about 2 1s then implied, leading 
to an increment of about 4 mrad per annum, if a 
weathermg factor of 3 1s used, and about 10 m rad 
per annum m the unlikely event of no removal of 
fission products by rain It ıs probable that the 
present increment in dose-rate to the population from 
external fall-out 1s not greater than 5 mrad per 
annum The external contribution to the fall-out 
dose-rate may be expected to decrease with the decay 
of the zireonium-niobium fission products 1f no further 
nuclear bomb tests occur 


1 Marley, W G , Medical Research Council Report on Hazards to Man of 
Nuclear and Allied Radiations (Cmd 9780), 121 (London, 1956) 

à Report of the United Nations Scientific Committee on the Effects of 
Atomic Radiation, 101 and 109 (1958) 

*Spers, E W , Nature, 183, 517 (1959) 

* Vennart, J, Brt J Radiol , 80, 55 (1957) 

5 Stewart, N G , Osmond, R G D, Crooks, È. N , Fisher, E M R, 
and Owers, M J, Report AERE HP/R 2790, and personally 
communicated supplementary data A ER E—R 3094 

8 Gustafson, P F, Argonne National Laboratory, Semi-Annual 
Report, AN L-5967 (July-December 1958) 

7? Spiers, F W , Medical Research Council Report (Cmd 9780), 111 
(London, 1958) 
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ADDITIONS TO THE BRITISH MUSEUM (NATURAL HISTORY) 


By Sir GAVIN pr BEER, FRS 


Director 


HE new premuses recently taken into service m 
the Natural History Museum fall into two cate- 
gories those devoted to the Museum’s major task 
of scientific research, and those devoted to the 
educational function of providmg exhibits ulustratmg 
various aspects of natural history and of giving 
instruction To the former belongs the new Mammal 
Building, erected to take the place of the old building 
demolished five years ago to make room for the new 
boiler house, which provides heating for the surround- 
mg educational establishments in the South Kensing- 
ton area 
Built to the plans of Mr W Kendall, the new 
Mammal Building stands 110 ft high, consists 
of 11 floors, and provides 62,500 sq ft of accom- 
modation for housing the national collections of 
mammals Arranged systematically on each floor, 
the plan adopted provides for many years of expan- 
sion and acquisition of new specimens which will 
take their place 1n the collection without the necessity 


for removing other portions in order to make room 
The importance of this provision is already seen m 
the efforts now beg made to take advantage of the 
situation in Central and East Africa, where heavy 
casualties are inevitably being mflicted on large 
mammals as the result of policies that have been 
adopted An opportunity exists which, 16 1s hoped, 
will not be missed, to collect considerable quantities 
of skins and skeletons of ungulates, not only because 
adequately documented specimens of these animals 
are insufficiently represented in the existing collec- 
tions but also because it 1s becomung increasmgly 
important to determme the range of variation of 
species in Nature, and this necessitates possession of 
large numbers of specimens 

Preservation of mammalian collections presents 
many problems arising from the change m physical 
conditions of the atmosphere Research 1s constantly 
proceeding into the most effective way of preserving 
skins, but no amount of precautions would be of any 
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avail unless two major variables of the atmosphere 
were not kept under control humidity and tempera- 
ture The new Mammal Building is ai-conditioned 
throughout to mamtain the contents within prescribed 
limits of temperature and moisture 

Provision has been made for the accommodation of 
scientists, both members of the staff and visitors 
working on the mammal collections, and laboratories 
have been conveniently placed on the various floors 
of the building where the specimens can be adequately 
deployed and studied 

The new North Block of the Natural History 
Museum now accommodates the General Library and 
Map Room The Library of the Museum is not a 
public library, but the working equipment of the 
scientific staff of the Museum to which qualified 
persons, both tramed scientists and students, may be 
admitted on recommendation The reading room, 
catalogue room, accessions room, studies for the 
librarian’s staff, and book stores, conform to the most 
modern standards of equipment Visitors who 
remember the cramped quarters in which the General 
Library previously had to carry out its functions will 
be agreeably surprised at the new library 

The Map or Atlas Room 1s a special feature of the 
General Library and ıs provided with ample accom- 
modation for maps in shallow drawers contaming a 
small number of maps each, so that any map can be 
easily and speedily extracted for study on the tables 
provided for their deployment Adequate facilities 
for pm-poimnting any place on the entire map-covered 
surface of the globe, both on dry land and under the 
sea, play an essential part in the equipment of the 
Natural History Museum for the work of every one 
of its five Departments Gazetteers, books relating 
to topography and reports of scientific expeditions 
have been specially stted m the new Map Room, which 
also houses the large folio and double folio volumes 
too large for shelvmg elsewhere 

The new facilities provided for the discharge of the 
educational functions of the Museum comprise fresh 
exhibits and a Lecture Hall 

The fifth bay on the western or left side of the 
Central Hall of the Museum has been set up to ilus- 
trate the “Six Milestones of Evolution" These 
are (1) The orgin of life, 1illustrated by means of 
molecular models showmg Miuller’s experimental 
production of the ammo-acid glycme from hydrogen, 
water, carbon dioxide, methane, and ammonia, by 
means of electrical discharges and ultra-violet light 
There are also models of adenosine triphosphate and 
of the Watson—Crick-Wilkins structure of deoxy- 
ribonucleic acid constructed on a scale of 2 em to the 
angstrom unit by Mr A H Barker 

(2) The origin of plants and animals, illustrating 
the fundamental distinction m methods of nutrition 
between these two types of life and 15s consequences 
An electron-microphotograph of the mfluenza virus 
by Dr R E G Wyckoff 1s also shown, together with 
examples of exceptions to the normal distinction in 
feeding mechanisms between plants and animals, such 
as parasitic plants and animals, and fungi 

(3) The origin of sex, traced from the sumplest 
form of protistan cell undergoing fission and fusion 
without differentiation between the sexes, up to 
higher plants and animals where the specialization 
between mobile sperm and immobile food-contaiming 
eggs 1s reflected in all the differences between the 
individuals of the two sexes 

(4) The origin of the multicellular type of organiza- 
tion, of embryonic development, and of death form a 
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compact subject of mterrelated processes, illustrated 
with reference to the potential immortality of unicellu- 
lar organisms, the mortahty of the soma, and the 
development of the frog from the unicellular fertilized 
egg to the multicellular adult 

(5) The colonization of land by plants and animals, 
which intiodueed two important biological conse- 
quences the alternation of generations in plants 
between gametophytes and sporophytes, and, in 
animals, the production of adaptations permitting 
eggs to be fertilized and developed out of water 
These are illustrated by means of models and paimt- 
ings of algae, mosses, ferns, and flowermg plants on 
one hand, and fish, amphibia, reptiles, birds’ eggs, 
and mammals on the other 

(6) Finally, under the head of psycho-social evolu- 
tion, the briefest possible mtroduction is given to the 
phenomenon of non-genetically transmitted mbherit- 
ance, instruction, and tradition This is Illustrated 
by means of experiments by Dr W H Thorpe on 
the learning of the characteristic song by young 
chaffinches from adult chaffinches, pictorial repre- 
sentation of the customs of ancient Sparta, and of the 
cave art of paleolithic man, the snake of Aesculapius 
on a surgeon’s glove, a microphone and prmted 
page and the shadows of the Houses of Parliament 
and St Paul's Cathedral 

The exhibits were prepared and constructed by 
Mr Erik Thorn 

The North Hall of the Museum has been reopened 
and eontams two sets of popular exhibits which have, 
unfortunately, had to be withheld from the publie 
for some time One of these is the series of British 
trees, showmg their appearance in summer and 
winter, with specimens of leaf, bark, flower, fruit 
and seed The other consists of the series illustrating 
the umportance of accurate identification of organisms 
for the efficient control of pests, plant and animal 
An old friend exhibited here is the enlarged model 
of the fiea 

Of the domestic animals previously exhibited ın the 
North Hall, the skeleton of ‘Brown Jack’ and the 
mounted skin of ‘Mick the Miller’ are now on view 
m the Mammal Balcony The remainder of the 
collection of domestic animals, greatly ın need of 
augmentation, has been transferred to Tring Museum, 
where ıb 18 hoped at some time to establish displays 
of the breeds of domestic animals 

From the North Hall a corridor leads to the Lecture 
Hall Along the corridor are showcases containmg 
selected large mammals, such as the grey seal, rem- 
deer hon, cheetah, leopard, jaguar, Malay tapir, yak, 
and two species of zebra In each case, following 
current museum practice, a map is provided showmg 
the geographical distribution of the animal 

Between the entrance doors of the Lecture Hall 
is an exhibit demonstrating steps m the mounting 
of mammals for exhibition prepared by Mr A G 
Hayward, senior taxidermist in the Museum It 
is sincerely to be hoped that this exacting scientific 
and artistic technique will never agam be referred to 
as ‘stuffing an animal’ Facmg the entrance to the 
Lecture Hall are some showcases devoted to the 
exhibition of notable paintings and drawings illus- 
trating natural history 

Tke Lecture Hall is provided with the most 
modern equipment for projecting slides and films, 
and for satisfactory acoustic conditions It accom- 
modates 220 persons, and is used for lectures by 
the staff of guide-lecturers of the Museum and on 
other occasions 
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OBITUARIES 


Dr D O Morgan 


Dr DawrsL Owen Morean, of St Catharine’s 
College Cambridge, and University lectuier in animal 
pathology, formerly senior lecturer in zoology, 
University of Edmburgh, died m Cambiidge on 
November 17, aged sixty-six He was born on 
August 19, 1893, was educated at Tregaron County 
School, and after serving as a signaller during the 
First World War entered the University College of 
Wales, Aberystwyth, m 1919, reading zoology and 
agriculture and specializmg im helminthology His 
postgraduate researches were conducted under the 
supervision of Prof R T Leper, at the London School 
of Hygiene and Tropical Medicme, and meluded 
studies on the systematics of the trematode family 
Opisthorchidae, the bionomics of the potato eelworm 
Heterodera schacht«., and a survey of the helminths 
of domestic and wild animals m. Hertfordshire 

Durmg the years 1923-33 he held the post of field 
officer and senior 1esearch assistant at the Institute 
of Agiieultural Parasitology of the London School of 
Hygiene and Tropical Medicme, and durmg this time 
published twenty-three papers on parasitological 
subjects In 1933, he was appointed to a senior 
lectureship in zoology in the University of Edmburgh 
and became responsible for the teaching of helminth- 
ology to vetermary undergraduates reading for the 
Royal College of Vetermary Surgeons diploma and 
the University degree m vetermary scence In 
addition, he was responsible foi the postgraduate 
couises m helminthology for the diplomas of tropical 
vetermary medicine, tropical medicme and pubhe 
health while durmg the War an emergency short 
couse in helmunthology for medical officers was his 
concern 

Despite an extensive teachmg programme he 
found time for research, and his outstandmg contribu- 
tion was the study of the helmmth population of 
Scottish hill sheep and the discovery of the ‘sprmg 
rise’ phenomenon of worm egg output m these sheep 
His work on hill sheep has stimulated numerous 
researches on this and allied problems both m Great 
Britam and throughout the world 

In 1952 he moved to Cambridge and was responsible 
for the course in parasitology to vetermary students 
He greatly loved Cambridge, 1ts hfe, and was particu- 
larly fond of his College, St Catharme’s He was a 
man of aboundmg kindness and encouragement, and 
wil be remembered by the hundreds of students 
whom he guided and sadly missed by his colleagues 

E J L SourssvY 


Mr William Dallimore, I S.O, V M.H 


Tue death of Wilham Dallimore took place 
suddenly at his home near Tonbridge, Kent, on 
November 7, m his eighty-ninth year He entered 
the Royal Botanic Gardens, Kew, as 2 young 
student m 1891 and his official connexion with this 
institution extended over forty-five years His earlier 
years at Kew were spent mamly m the Arboretum, 
of which he later had charge It was this close 
association with a 11ch collection of hving plants m 
his early years that enabled Dalhmore, with his keen 


powers of observation and a good memory, to build 
up for himself his great knowledge of trees and shrubs 
which he was to put to such good effect m later years 
He was one of Britam’s leading authorities on trees 
and shrubs for half a century, having mauntamed 
his keen mental powers to the full until the end of 
his long hfe He devoted special attention to the 
confers, and his "Handbook of Conifere" (written 
in. collaboration with the late A Bruce Jackson), 
which first appeared m. 1923, has remained a standard 
work 

Another of Dallimore’s notable achievements was 
the tremendous part he played m starting and 
developmg the National Pinetum at Bedgebury in 
Kent, a joint undertaking on the part of Kew and 
the Forestry Commussion, commenced m 1925 The 
fine specimens of pmes and other comfers now to be 
seen at Bedgebury constitute a fitting, living memorial 
tohim He supervised the raising of these trees from 
seed 1n many instances One of the main thorough- 
fares ın the Pmetum has, m fact, been named Dalh- 
more Avenue On his retirement from Kew m 1936, 
Dalhmore moved to Kent to hve, and contmued to 
act in an advisory capacity m connexion with Bedge- 
bury almost to the time of his death 

At Kew, Dalhmore ceased to have charge of the 
Arboretum in 1909 when he was transferred to the 
Museum staff, his first task bemg to mitate and 
build up a museum of British forestry (now the 
Wood Museum) His knowledge of arboriculture 
and forestry was of great assistance to him im this 
He became keeper of the Museums of Economic 
Botany m 1926 His published works mceluded two 
other books, one on prunmg and one on holly, yew 
and box, also numerous articles m horticultural, 
botanical and forestry journals 

The Kew Guild, an association of past and present 
Kew men, came mto being in the early 1890's, largely 
as a result of Dallimore’s mztiative and energy He 
himself became president of the Kew Guild m 1926 
Dallmore had other interests besides plants For 
many years he was an enthusiastic bowls player 
He was also churchwarden at the Kew parish church 
With his keen sense of humour and his amusing 
narratives he was always a popular figure — His two 
daughters survive him F N Howes 


Mr A W. Siddons 


Iw no subject of the curriculum has the method of 
teachıng undergone greater change in the past fifty 
years than m mathematies ‘Before the turn of the 
century, the school course contained little more than 
arithmetic, manipulative algebra and the rote 
learnmg (sometimes even m Latin) of Euchid’s proofs 
The revolt was led by Rawdon Levett, mathematics 
master at King Edward’s School, Birmingham, who, 
through a letter in Nature of May 26, 1870, pleaded 
for the formation of an Anta-Euclid Association It 
was left to one of his greatest pupils, Arthur Warry 
Siddons, to see the change effected, Euclid's strangle- 
hold broken and geometry established as a suitable 
tool for school use 

Mr Siddons devoted his whole hfe to school 
mathematics, though he might well have attamed 
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eminence m the university field He was a scholar 
of Jesus College, Cambridge, and was fifth Wrangler 
imm 1898, unmediately below Jeans and Hardy In 
the following year he read natural science, and again 
took a first His only appomtment was at Harrow 
School, here he taught mathematics with increasing 
briluance and success until his retirement in 1936, 
and m these years he earned the affection of genera- 
tions of Harrovians In 1902 Jesus College elected him 
to a fellowship and, in December of the same year at 
the age of twenty-six, he was appointed to a Univer- 
sity Syndicate to discuss mathematical requnements 
Tho report stated that any geometrical proof would 
be accepted provided ıt appeared “to form part of 
& systematic treatment of the subject", Levett’s 
cherished freedom was achieved From this time 
to the end of his busy life, Siddons was engaged m 
converting the 11g1d logic of mathematics into a form 
suitable for young minds In this his greatest col- 
laborator was Charles Godfrey , as a team they had 
the ability to put mto practice them progressive 
ideas and, when necessary, to write the appropriate 
text-books 

In addition to an intensely happy family hfe and 
to his devoted service to Harrow Siddons’s great joy 
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International Scientific Relationships 
Dr. Detlev W. Bronk, For Mem.R S 
A SPECIAL medal (Fig 1) has been awarded to 
Dr Detlev W Bronk, president of the Rockefeller 
Institute, by the Society for Promoting International 
Scientific Relationships The award has been made 
for Dr Bronk’s accomplishments m fostering the 
promotion of scientific research and international 
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co-operation through exchanges of scholais The 
medal was presented on November 24 by Dr Herman 
F Maik, honorary president of the Society and direc- 
tor of the Institute of Polymer Research at the 
Polytechnic Institute of Brooklyn At the meeting 
Dr Alan T Waterman, duecto. of the National 
Science Foundation, delivered an address on ‘Science 
and the Progress of Man” 


Bristol City Museums Dr. F. S. Wallis 
Dr F S Wars will brmg to a close his long and 
distanguished service to the Bristol City Museums in 
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was his work with the Mathematical Association In 
1902 he was elected secretary of the newly formed 
Teaching Committee The reports prepared by this 
Committee now cove: the whole field of school 
mathematics, and ın preparmg many of them, 
Siddons (and his hfe-long friend, C O Tuckey) took 
a leading part The Association 1ecorded rts gratitude 
by eleecting hım as president in 1935—he was the 
first schoolmaster ever to achieve this distmetion— 
and m 1958 ıt bestowed the rare privilege of honorary 
membership 

With all his ability, all this distmction, Siddons 
was a very simple person He was a great conversa- 
tionalist and a most lovable man im the Harrow 
tradition he was very fond of smgmg, and the School 
on the Hill has cause to remember his genius as a 
gardener and maker of lawns He claimed that in 
his school-days he found mathematics difficult, 
perhaps this explains lus success as & teacher and 
his passion for simplicity withm the lumits of exact- 
ness To the end his mind was crystal clear, and he 
died peacefully m his sleep on November 10 Those 
who knew him well will miss his warm friendship, 
and the whole body of teachers and taught m mathe- 
matics 18 grateful for his hfe and his labours 

W J LANGFORD 
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May of next year A Bustol man, he was éducated at 
the Fanfield Secondary School, Bristol, and at the 
University of Bristol, where his academic career was 
broken by service ın the First World War with the 
Royal Warwickshire Regiment and the R F C , later 
the RAF He graduated with first-class honours m 
geology in 1920, and afterwards took his M 8c, 
his PhD, and finally, m 1930, his DSc He was 
appointed assistant curator m geology after his first 
graduation and has devoted his life to the welfare 
and development of the Bristol Museum and Art 
Gallery, of which he was promoted to be deputy 
director m 1930 On the division of the Museum and 
Art Gallery in 1945, he became director of the City 
Museum—now ‘Museums’ as they mclude the Blaise 
Castle Folk Museum He has never forgotten his 
first love as he has held for more than thirty years 
the post of special lecturer in sedimentary potrology in 
the University of Bristol and has since 1936 taken the 
evening tutorial class in geology there He has 
always been roterested in adult education and has 
lectured extensively to members of various organiza- 
tions in Bristol and the suiroundmg district For 
his field-work he was awarded the Lyell Fund of the 
Geological Society In the museums field, he has 
long laboured for better lay-outs, more didactic 
exhibits and moro artistic displays, and he has not 
spared himself in extending good ideas and projects 
‘of reorganization throughout the museums of the 
south-west of Britam He served with unassummg 
distinction as president of the South Western Museums 
and Art Galleries Association and also, in 1956, 
of the national body, the Museums Association, in 
which he now ranks as an elder statesman He gave 
notable service to the Jomt Commuttee of the 
Museums Association and the Carnegie United King- 
dom Trustees, both as a member and for five years 
as its charman, in the worthy task of allocating 
grants fo. the reorganization of smaller provincial 
museums He was war-time editor of the Museums 
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Journal, which did so much to maimtam standards 
and morale at home, to hold and strengthen links 
with museum men overseas, and to buid soundly 
based plans for museums in the post-Wai world 
It 1s good that he 1s to contmue to serve his chosen 
profession as curator of the museum of the Torquay 
Natural History Society 


Mr Alan Warhurst 


Ma Aran WanHURST, who succeeds Dr F S 
Walls as director of the Bristol Museums, was 
educated at the Canon Slade Giammar School, 
Bolton, and the University of Manchester, where he 
secured honours ın history, specializing in tho Roman 
occupation of Britam He 3s paiticularly mterested 
in medieval archeology 1n 15s broadest sense and has 
undertaken field-research in Chester, Kent and 
Northamptonshire, having pubhshed a number of 
valuable papers Durmg the War he saw service in 
India, bemg commissioned to the Lancashire Fusiliers 
Ehs museum servico began at the Grosvenor Museum, 
Chester, then extended to the Maidstone Museum and 
Art Gallery, where he was deputy curator, and in 
1955 to the Northampton Museum and A:t Gallery, 
to which he was promoted curator There he started 
a major reorganization scheme and, having completed 
with notable success the archzological gallery, he 
was about to commence the boot and shoe gallery 


US Scientific Attaché in India’ Prof E C. Watson 


Pror E C Warson, dean of the faculty for the 
past fouiteen years at the Calrfoinia Institute of 
Technology, 18 retming to become scientific attaché 
tothe US Embassy m Inda Dr Watson admmis- 
tered the Institute's rocket development programme 
durmg the Second World War after having 
managed in the earlier: days the Institute's physics 
laboratories He has won national recognition foi 
hus studies im the Imstory of science and for his 
remarkable collection of manuscripts, pictures and 
prints on the subject He has published nearly 
eighty articles m the American Journal of Physics 
depicting the history of physics This is m addition 
to numerous scientific papers and a book entitled 
‘Mechanics, Molecular Physics, Heat and Sound” 
His mam iesemich has boen m the field of X-ray 
photo electrons 


National Science Foundation Dr Bowen C Dees 


Dr Bowen CO Ders has been appointed assistant 
director for scientific personnel and education at the 
US National Science Foundation Prior to gomg to 
the Foundation m 1951, Di Dees served as division 
chief and physicist with the Scientific and Technical 
Division of the General Headquarters of the Supreme 
Commander for the Alhed Powers m Tokyo durmg 
1947-51 He had previously lectured on physics at 
New York University, Mussissipp: College, the 
Massachusetts Institute of Technology and Rensselaer 
Polytechnic Institute Dr Dees recerved his AB 
from Mississippi College m 1937 and his PhD from 
New York Unrversity in 1942 


Nomenclature in Titrimetric Analysis 


Durma the Twentieth Conference of the Inter- 
national Union of Pure and Applied Chemistry, held 
iim Munich in August 1959. the Committee of the 
Analytical Chemustry Section discussed certam pomts 
of confusion in the hterature Referrmg to the 
notation of mdicators in titrimetiic analysis, i6 was 
pointed out that many dyestuffs recommended as mdi- 
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cators m chelatometric and redox titrations have been 
given various trivial names. Examples can be found 
m the literature of a compound being recommended 
as a new indicator when the compound has m fact 
been 1n use for years under a different name To avoid 
future confusion, the Committee recommends that 
when a dyestuff 1s proposed as an indicator in any type 
of titration, and particularly when i6 1s claimed as 
new, the British Colour Index or Schultz Number be 
quoted in addition to the trivial name As regards 
the termmology of complexmg agents used as 
trtrants, 1b 1s recommended that (a) the group of 
polyammo-polycarboxylic acids which form amonic 
complexes shall be termed 'complexans', (b) titra- 
tion processes in which any type of complexing 
titrant 1s used shall be termed ‘complexometric 
titrations’ , (c) those complexometzic titi ations which 
mvolve titration with a chelatmg agent shall be 
termed ‘chelatometric titrations’ and represent a 
special type of complexometric titration 
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Research Vessel for Woods Hole Oceanographic 
Institution 


A NEW iesearch vessel will be piovided for studies 
in oceanography by a grant of 3,000,000 dolars 
from the National Science Foundation to the Woods 
Hole Oceanographic Institution The new vessel will 
replace the research vessel Atlantıs, the twenty-eight- 
yea -old ‘flagship’ of the Institution’s fleet Because of 
the piobabihty that the National Science Foundation 
would be asked to support the construction of 1esearch 
vessels, ıt made a grant to Woods Hole in 1958 to 
study capabilities and preliminary designs of various 
sizes and types of such vessels This study, m turn, 
benefited from earher studies made by the Institution 
with funds provided by the Office of Naval Research 
The vessel will have an overall length of 175 ft, 
beam of 36 ft, and loaded displacement of 1,040 
tons She will have an operating range of 7,500 
miles at a cruising speed of 12 knots Incorporated m 
the design are roll- and pitch-dampmg devices, wide 
speed control and high degree of manceuvrability, 
superior laboratory spaces, and excellent working 
facilities Prelimmary design plans were prepared for 
the Institution by M Rosenblatt and Son, of New 
York Additional features which have been considered 
for possrble inclusion in the detailed plans and specific- 
ations include anti-rolling tanks, acoustical ‘quietness’ 
for studymg underwater sound characteristics, a 
gravity laboratory, an aquarium, and ample freezer 
space for preserving bottom-sediment cores and 
biological specimens The total complement of the 
ship will be 37, of whom 19 will be scientists 


Radiocarbon Dating 


THE appearance of Radiocarbon Supplement Vol 1 
of the American Journal of Scwnce marks an important 
step forward m the publication. of radiocarbon dates 
In the past, date hsts have appeared at irregular 
intervals m a number of journals, making 1t difficult 
for potential users of the dates to keep themselves 
fully informed of all the work m this field The 
dating laboratories have been well aware of this 
problem, but there are considerable difficulties m 
attempting to use any one of the existing scientific 
journals with a wide emculation For this reason, the 
editors of the American Journal of Science are to be 
commended on this project, which provides a single, 
relatively inexpensive, annual publication specifically 
for radiocarbon dates and associated measurements 
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This first volume contams thirteen date lists and one 
paper (Lamont VI) devoted entirely to measure- 
ments on samples of known age This aspect of 
radiocarbon datmg research has assumed consider- 
able importance m recent years, for 16 yields mforma- 
tion on the past and present distribution of radio- 
carbon m the carbon exchange reservoir, and this 18 
of particular portance when one 1s concerned with 
the attamment of the highest possible accuracy m 
radiocarbon dates 

In addition to these contributions from dating 
laboratories, there ıs a very useful bibhography by 
Frederick Johnson, which gives references to all 
previous date lists, and a lst of all laboratories 
known to be or to have been concerned with radio- 
carbon dating measurements Thirty-six laboratories 
are listed. and 1$ might be wondered why only about 
& third of them have contributed to this new pub- 
heation However, 1f one takes into account the fact 
that some have now ceased to be active im this field 
and that others have only recently begun operating, 
the response to this new project 1s not unsatisfactory 
The editors have attempted to secure a high standard 
of presentation by requirmg contributors to adhere 
as closely as possible to a set style and to moclude 
much informative detail regardmg each sample m 
addition to its laboratory number and radiocarbon 
age ` In general, the various authors have responded 
well to these requirements, and the standard achieved 
m this first volume promuses well for the future The 
Supplement 1s to be published annually, ın May, at 
Sterlmg Tower, Yale Umversity, New Haven, Con- 
necticut, subscription rate 450 dollars a year, 
Vol. 1 will be sold for 2 50 dollars until January 1, 
1960 


Inland Waterways in Britain 

Aw interesting feature of the srxty-fourth annual 
report of the National Trust, for 1958-59 (London 
National Trust), which records a welcome increase 1n, 
free legacies and donations, is the reference to 
negotiations with the British Transport Commussion 
for the acquisition of the southern section of the 
Stratford-upon-Avon canal and the southern section 
of the Staffordshire and Worcestershire canal 
Since then ıt has been announced that, under an 
agreement to be approved by Parhament, the 
National Trust will lease the first of these canals for 
a trial period of five years, when 15 can be transferred 
outright or returned to the British Transport Com- 
mission. For the five years the National Trust will 
receive £1,500 a year from the Commission and the 
Trust will be able to provide m the towpath a thirteen- 
mule traffic-free walk through a remote and inter- 
esting countryside Unless transferred to the Trust, 
this canal will be abandoned (at an estimated cost of 
£120,000) and the pleasures of fishing and boating 
on ıb would also be lost to the community The 
Second canal 1s of extreme beauty and importance 
and is James Brindley’s earhest canal with locks 
The Trust already owns property on this canal at 
Kinver and Wightwick These transfers, which 
are foreshadowed in the Bowes Report on Inland 
Waterways, represent a new departure, both for 
the Trust and the Commussion, and the legal and 
financial arrangements are not expected to be com- 
pleted simply or rapidiy The report pays tribute to 
the help given by voluntary workers m scrub clear- 
ance, but, although the membership over the past 
fourteen years has risen from 10,300 to 80,668, many 
more members are needed if membership 1s fairly to 
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reflect the wide responsibilities of the Trust and to 
support the extension of rts work. 


Newspaper Trusts 


Ix Broadsheet No 435, "The Work of Newspaper 
Trusts", Political and Economie Plannmg provides a 
concise account of the various newspaper trusts, their 
purpose and character and organization, with a view 
of assisüng the assessment of ther performance 
(Planning, 25, 24 August 1959 London Political 
and Economic Planning, 1959 3s 6d) The fullest 
accounts given are of the Scott Trust, holding all 
ordmary shares m the Manchester Guardian and 
Evenmg News, Ltd, and the Observer Trust, but 
there are also notes on the provisions in the articles 
of association of The Times, The Economist and 
The Spectator The Broadsheet pomts out that 
the organization of such a trust must be devised 
for the end to be served, and that many different 
methods may be adopted Too precise a definition 
of a trust’s aims or ideals could be harmful if 
eeumstanees changed To form opinion and build 
good traditions and to appomt men of good sense 
to positions of responsibility are all that can wisely 
or legitrmately be done to control the future 
A newspaper trust 1s a novel but long-dated attempt 
to keep a newspaper in conformity with an existing 
ideal over future generations and i6 is stil too 
early to judge how far these experiments have 
contributed to mamtain the health and standards of 
the Press It remams to be seen whether trusts can 
be more successful than other forms of proprietorship 
and control m preserving and developmg the mde- 
pendence and character of a newspaper and simul- 
taneously i» achieving sufficient success to stay in 
business, if not to lead the field 


British Museum; (Natural History) 

AwoxG the more mmportant and mterestmg items 
reported to the Trustees of the British Museum at 
ther meeting at the British Museum (Natural 
History) on November 28 was that Dr QG. H Francis 
and Dr. A J Charig had returned from ther expedi- 
tion to South Peru This expedition, the second from 
the Museum to this area, had for its objective the 
further study, collection and mappmg of the rocks of 
the Provinee of Carabaya, m the Department of 
Puno, together with fossil collecting from new sites 
m Carabaya The mapping, field geology and detailed 
study of igneous rocks were in the charge of Dr. 
Francis, of the Department of Mineralogy, continumg 
the work begun on the previous expedition which he 
led ın 1954 The fossil and anthropological collections 
were made by Dr Charig, of the Department of 
Paleontology They were assisted by Messrs S G 
McH Clark and B L Holt, University of Cambridge, 
and by Sr. H Salazar Dias, University of Arequipa. 
The expedition was in the field from June 1 until 
August 1, 1959 More than four hundred specimens 
of rocks and munerals were collected m the present 
field season The survey of the area was continued, 
and a substantial number of fossils were assembled 
In addition, the expedition brought home some 
anthropological material from Inca burials Mrs 
Rees Thomas and Lady Barlow have lent to the 
Museum a letter from Charles Darwin, dated July 5, 
1844, asking his wife to arrange for the publication 
of his Essay on Transmutation of Species m the event 
of his death The latter has been placed on exhibition 
in the case of Darwm relics, now on view m the 
Central Hall of the Museum 
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Tanganyikan Stratigraphy 

AN authoritative and up-to-date account of the 
stratigraphy of Tanganyika 1s now available m 
English as a result of the work of members of the 
Tanganyika Geological Survey (Memor No 1 
“Summary of the Geology of Tanganyika, Part 1 
Introduction and Stratigraphy", by A M. Quennell, 
A. C. M. McKmlay, and W G Aitken, 1956, 264 
pp, The Government Printer, Dar es Salaam, 20s ) 
This memoir was prepared in draft m 1956 and used 
as the authority for the preparation of Lexique 
Stratigraphic International, Vol 4, “Afrique”, 
Fase 8e, “Tanganyika” (1957), but has only recently 
become available owmg to delays in pubhcation 
Important revisions to the pre-Karroo stratigraphy 
have been made The basement complex has for 
some time been known to contam rocks of different 
origms and ages in different areas, and several 
attempts at subdivision have been made as the 
structural and metamorphic history of the country 
has become better known On the basis of the 
existing evidence, the present authors have adopted a 
five-fold subdivision, the systems bemg named m 
order of decreasmg age the Dodoman, Nyanzian, 
Kavirondian, Usagaran and Ubendian, Karagwe- 
Ankolean, and the Bukoban Systems The Dodoman 
System 1s correlated with the oldest known rocks of 
Africa, and the uppermost Bukoban 15 thought to be 
possibly Eocambrian 


The Institute of Metals 


Tre following members have been elected to fill 
vacancies on the Council of the Institute of Metals 
with effect from the annual general meeting on March 
29,1960 President, Sr Ronald Pram, chairman and 
president, Rhodesian Selection Trust, Ltd , Vace- 
Presidents, Dr. H M Finniston, research manager, 
C A Parsons and Sons, Lid, and H W Hignett, 
assistant managmg director, Henry Wiggm and 
Co , Lid. , Ordinary Members of Council, Dr R W K 
Honeycombe, professor of physical metallurgy, 
University of Sheffield, Dr Ivor Jenkins, chief 
metallurgist, Research Laboratories, General Electric 
Co, Ltd , E Robson, managing director, Manganese 
Bronze and Brass Co, Ltd , J Salter, director, 
British Alummium Co, Ltd, and C. Smith, works 
director, James Booth and Co, Ltd 


Physical Society Exhibition 


Tue Physical Society Exhibition will be held at 
the Royal Horticultural Society's Halls, Westminster, 
London, SW l (just behind Victoria Street from 
Artillery Row), from January 18 until 1 pm on 
January 22 The opening ceremony will be performed 
in the New Hall on January 18, 1960, at 11 am , by 
Mr A J Philpot (chairman of the Exhibition Com- 
mittee and vice-president of the Physical Society) m 
the unavoidable absence of the president of the 
Physical Society Lectures will be given by Flight 
Lieut J Billmgham (RAF Institute of Aviation 
Medieme) on “Some Reactions of the Human Body 
to the Stresses of High Performance Fhght" on 
January 18, Dr L Essen (National Physical 
Laboratory) on “Atomic Time”, and Dr D A 
Wright (Research Laboratories of the General Elec- 
tme Company, Ltd) on ‘Recent Advances m Solid 
State Physics" The lectures will be at 545 pm 
Further mformation can be obtamed from the 
Society, 1 Lowther Gardens, Prince Consort Road, 
London, S W 7. 
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University News : Birmingham 

Tue title of reader m mathematical physics has 
been conferred on Dr J G Valatm Dr. D A Bell, 
1eader m electromagnetism, and J T Alanson, senior 
lecturer ın electrical engmeerimg, have been appomted 
joint actmg heads of the Department of Electrical 
Engineermg until September 30, 1960, 11. the absence 
of Prof D. G Tucker, who 1s on study leave The 
University has accepted the offer of Joseph Lucas, 
Ltd, to finance a Fellowship ın the field of metal 
Jomung in the Department of Industrial Metallurgy 
for a period of seven years Research fellowships 
have been awarded as follows Dr Florence J 
Pepper (zoology), Prof L P V Johnson (genetics) , 
M J MHarrison (physics), and H Mueller (bio- 
chemistry) The followmg appomtments are also 
announced Dr H B Griffiths, to be lecturer m 
pure mathematics from July 1, 1960, and Dr J K 
Brown, to be lecturer m chenustry from January 1, 


1960 

Oxford 

Tux following research grants are announced 

from British Petroleum Trading, Ltd , £3,000 spread 
over three years for the purpose of contmuimng a 
research fellowship in geochemistry, and from the 
du Pont Company, USA, 3,000 dollars for the 
year 1960-61, for the support of basic research m 
the field of theoretical chemistry m the Institute of 
Mathematics, under the direction of Prof CO A 
Coulson 


Announcements 


Pror. E. G Cox, professor of morganic and struc- 
tural chemistry in the University of Leeds, 1s to 
succeed Sir William Slater as secretary of the Agrı- 
cultural Research Council on Sir Wilham's retirement 
next year Prof Cox’s appomtment will take effect 
from July 1, 1960 

Tse eleventh Annual Lecture of the Plastics 
Institute will be delrvered by Lord Verulam, who will 
speak on “The Brink of the Unknown” The meeting 
will be held in the Reardon Smith Lecture Theatre, 
National Museum of Wales, Cardiff, on April 7, at 
630 pm 

A symposium on Organic-Phosphorus Compounds 
will be held on January 29 m the Department of 
Chemical Technology, Bradford Institute of Tech- 
nology Those taking part include Dr B C Saunders 
(University of Cambridge), Dr D J. Tuck (University 
of Nottingham), Dr C B Reese (University of Cam- 
bridge), and Dr A F Childs (research director, 
Albright and Wilson (Mfg), Ltd) Further par- 
ticulars can be obtamed from the Registrar, Institute 
of Technology, Bradford 7. 


THe Non-Destructive Testing Group of the In- 
stitute of Physics will hold a meetmg im London 
during May 2-4 jomtly with the Société Française de 
Métallurgie The programme will have the general 
theme of the relationship between structure and 
physical properties of materials and will melude 
recent advances m non-destructive testing techniques 
Further information can be obtamed from the 
Secretary, Institute of Physics, 47 Belgrave Square, 
London, SW 1 


Errarom We regret that m the article entitled 
“Counter-current Distribution of Protems in Aqueous 
Polymer Phase Systems” m Nature of November 7, 
p 1465, the blocks for Figs 2 and.3 have been mter- 
changed, the legends, as printed, stand 
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INTERNATIONAL SYMPOSIUM ON MACROMOLECULES, 
WIESBADEN 


HE annual International Symposium on Macro- 
molecules, held under the auspices of the 
Commission on Macromolecules of the International 
Union of Pure and Apphed Chemustry, this year took 
place in Wiesbaden, Germany, during October 12-17 
Almost 1,200 people registered for the Conference, 
which must have been the largest of this series ever 
held [About half the delegates were from Germany 
and the remamder came from twenty-four other 
countries, with France, the United States and Great 
Britain supplymg the largest delegations 
Organization of a symposium on the above scale 
must obviously be highly efficient if the work of the 
Conference 1s to be carried out, and the organizers 
deserve the highest credit for the arrangements they 
made Meetings were held mainly m two large halls 
in the magnificent new Rhem-Main Halle, the 
acoustics of which were excellent The general plan 
of the meetings was as follows The Symposium was 
divided mto five sections (1) Physics of Macro- 
molecular Substances, (2) Macromolecular Sub- 
stances m Solution, (3) Elementary Processes and 
Kinetics of Polyreactions , (4) Chemistry of Organic 
and Inorganic Macromolecular Substances; and 
(5) Macromolecular Natural Substances and Model 
Compounds Every day, a plenary lecture was given 
on some topic from one of the five sections For the 
remainder of the mornimg, sessions of two sections 
were held simultaneously, at each of which three 
lectures were given that were essentially reviews 
rather than origmal scientific papers In this way, 
practically the whole of the current field of polymer 
progress was summarized The official languages of 
the Symposium were German, French and Enghsh, 
and durmg the morning sessions, translations of the 
text of the lectures were projected on to two screens 
behind the speaker, the third central screen bemg 
reserved for slides On the whole, the system worked 
very well, provided the lecturer stuck to his text 
The afternoons were devoted to consideration of 
the numerous short communications , m each of the 
five main sections, about forty communications, 
which were mtermediate m length and character 
between a paper and an abstract, had been submitted 
Discussions of at least two, and sometimes three, 
sections were held simultaneously m the various halls, 
about twelve short papers, together with the morning 
lectures, bemg discussed at each session While at 
some sessions the time allocated for discussion was 
more than adequate, at others the time for discussion 
of some papers was quite inadequate, and the chair- 
man. seemed more concerned to keep to his average 
‘driving speed’ than to promote full discussion. This 
1s a problem that besets all conferences, but perhaps 
the very size of this one made flexibility of arrange- 
ments more difficult (It ıs only fair to say that 
numerous participants of the Symposrum found no 
fault at all with the arrangements for discussions ) 
Faced with more than thirty full lectures, and two 
hundred short communications, even the most 
mdefatigable student of macromolecules feels sur- 
feited, and becomes highly selective in his attendance 
For this reason, and because at least two sessions 
were held simultaneously both m the mornmg and 


afternoon, I cannot give a full account of all aspects 
of the Symposium The following summary covers 
what seemed the most mteresting and significant 
features of the lectures and papers 

In the field of the physics of polymers, there was 
considerable mterest and activity in studies of the 
mechanism of erystalhzation and the morphology 
of crystallme polymers ‘The lectures by A Keller 
(of Bristol) and W A Kargın (of Moscow), m particu- 
lar, aroused lively discussions Kargın and also 
S R Usmanov (of Tashkent) presented the case 
that polymers that are normally regarded as partly 
crystalline, such as cellulose, are not truly crystallme 
in any sense, since they do not pass certam thermo- 
dynamical criteria, such as the presence of transition 
points, and should be regarded only as highly ordered 
Keller reviewed current opimons on the structure of 
spherulites and the exciting recent developments m 
forming maoro-erystals of polymers im which the 
polymer chams are folded back on themselves The 
other mam branches of physics on which attention 
was centred were dielectric and mechanical relaxa- 
tion phenomena, nuclear magnetic resonance, and 
the thermal behaviour of polymers 

The study of the properties of solutions of polymers 
obviously still commands considerable attention, 
from both the theoretical and the practical points of 
view P Debye (of Ithaca) presented a new method 
of estimating molecular mteractions from measure- 
ments of light scattermg, and this gave hope that 
ultimately a new experimental tool for estimating 
intezmoleeuler forces would develop Rheological 
and wiscosmmetrie studies, and m particular the 
deduction of molecular dimensions from these, 
comprised one section, while another dealt with the 
thermodynamics of polymer solutions, and the quanti- 
tative determmation of parameters such as the vinal 
coefficients, ete Of considerable interest to experi- 
mentahsts were a lecture by F Patat (of Munich) 
reviewing osmotic pressure techniques and results, 
and papers by C Kruissink (of Delft) on the theory, 
and H -G Ehas (of Munich) on the practice, of using 
membranes partially permeable to the solute Further 
refinements of conventional methods of measurmg 
molecular weights and molecular weight distributions 
were described, but there did not seem to be any 
major new developments m this field 

In the section on elementary processes and kmeties 
of polyreactions, several lively sessions were held 
One topic that naturally aroused much mterest was 
ionic polymerization, with special reference to 
stereospecific polymerization Valuable mterpretative 
reviews were given by G Natta (of Milan) on stereo- 
specific polymerization, M Szware (of Syracuse, 
USA) on anionic polymerization, and M Magat 
(of Paris) on 1onie polymerization mitiated by 10nizmg 
radiation There were also, of course, numerous short 
contributions on these topics Iome polymerizations 
are attracting considerable attention at present, as a 
result of the enormous commercial developments 
followmg the pioneer work of Ziegler and Natta, and. 
it 1s certam that, despite the enormous work effort, 
much yet remains to be discovered The present. 
conference provided some evidence that development 
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has outpaced theory and interpretation, and once 
this 1s remedied, and the runners ın the race get their 
second wind, more exciting progress will be made 

Fortunately ‘steam-radio’ (that 1s, free radical) 
vinyl polymerizations contmue to be studied, with 
the work perhaps best described as bemg in the 
consolidation state Valuable reviews of the applica- 
tions to polymer studies of radioactive labelling and 
electron spin resonance were provided by J C. 
Bevington and D H Whiffen, respectively (both 
of Birmingham) The industrially very important 
process of polymerization m heterogeneous media 
attracted some attention 

A session was held on the polymerization of capro- 
lactam, at which all the papers were given by workers 
on the Continent 

One section was devoted to the discussion of natural 
polymers and model substances W Kuhn (of Basle) 
gave a fascmating lecture on the production of 
mechanical energy by macromolecular systems 
Current interest in polypeptides was reflected by 
lectures by T Wieland (of Frankfurt) on the organic 
chemistry of the formation of peptide links and © H 
Bamford (of Maidenhead) on synthetic polypeptides 
In these two lectures, a fascmating contrast between 
the ingenuities of the organic and the physical 
chemist was displayed Close as are these two studies 
to the processes of life itself, some studies that were 
reported on nucleic acids, cancer, and enzyme action 
were even closer, and demonstrated the extensive 
range of topics to which polymer science has a major 
contribution to make 

Starch and cellulosic chemistry was also treated m 
several contributions and lectures by E Husemann 
(of Freiburg) and H Sihtola (of Helsmk:) One 
interesting new discovery by @. Ellefsen (of Oslo) 
was the preparation of a new crystallme modification 
of cellulose Only a few papers were given on rubber, 
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meluding a review by W F Watson (of Shawbury) 
of recent work on the mechanochemical reactions of 
polymers 

A very mteresting section was that on what might 
be termed the preparative chemistry of orgamic and 
morgame polymers. A review of new condensation 
polymers was given by H Mark (of New York), 
this included an elegant demonstration of ‘interfacial 
polycondensation’, by means of which high-molecular 
weight polyamides are formed virtually mstantane- 
ously at room temperature The happy term 
‘Instant Nylon’ has been comed m the United States 
for this polymer The apphoeation of classical organic 
reactions to vinyl polymers leads to many interesting 
new products, and progress ın this field was sum- 
marized by G J Smets (of Louvam) Considerable 
interest is bemg currently shown in morganic, and 
organic/inorganic polymers, and this was reflected 
im numerous short papers as well as set lectures by 
E Thilo (of Berlin), H Deuel (of Zurich), H Krebs 
(of Bonn) and S Nitzsche (of Burghausen) Various 
unusual organic polycondensation reactions, and 
methods of forming cross-linked polymers and block 
copolymers, also received. attention 

It will be obvious from the above, highly made- 
quate, summary that there was scarcely an aspect 
of polymer science that did not receive attention 
Whether this 1s the best programme for a conference 
18 a matter for debate, as 16 can be argued that limita- 
tion of the subject-matter promotes a fuller and deeper 
discussion There can be no doubt, however, that 
the Symposium once again fulfilled 1tg mam purpose 
of bringing together polymer scientists and promoting 
fertile mterchanges of views 

Some of the maim lectures have already appeared 
in Die Makromolekulare Cheme, and the remamder, 
together with the discussions, will appear in later 
issues L VALENTINE 
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INDUSTRY AND THE TECHNICAL COLLEGES IN 
BRITAIN 


N mmportant paper on the relationship between 
mdustry and technical colleges was presented 
at a conference arranged by the Liverpool District 
of the Federation of British Industries at Chester 
on October 21 The speaker, Mr L S Newton, of 
Pilkington Bros, Ltd, suggested that, despite the 
mereased attention bemg paid by mdustry to the 
education and trammg of is personnel, there are 
three ways in which many firms are still not making 
a real contribution to the development of the educated 
man-power of Great Britain 
Many firms are still evading their responsibility for 
trainimg young people and are content to recruit their 
craftsmen, technicians and technologists from other 
companies Industry should accept the opportunity 
provided by the ‘bulge’ to analyse its requirements 
for the next ten to fifteen years to see how many 
young people ıt could now absorb to tram for later 
years Many firms also do not provide facilities for 
part-time release for study m the day-time—this 
apples not only to mdustry but also to professional 
and commercial undertakings Industry frequently 
fails to diserrmmate between the branches of study, 
the faeihties for commercial students remammg quite 
1nadequate 


A feature of post-war development has been the 
remarkable rise m the number of students being 
released for sandwich courses. Tho number of 
students attending the technical colleges full-time or 
on a sandwich basis has risen tenfold m the past 
twenty years, between 80 and 90 thousand bemg m 
attendance at the moment What the ultimate 
ratio should be has not yet become clear, but mdus- 
try’s support for sandwich courses 1s far from uniform 
and largely m the hands of the larger and more 
progressive companies 

Mr Newton’s most important contribution to the 
conference, however, was concerned with the ways in 
which closer co-operation between mdustry and the 
technical colleges could be achieved. 

There are four mam places where action could be 
taken to establish, mamtaim and foster relationships 
between the two bodies for ther mutual benefit 
(a) there should be a closer tie at the policy-making 
level, (b) there should be a closer tie at the pomt 
at which the contents of syllabuses and courses are 
determmed, (c) there should be a closer tie at the 
teachmg level, and (d) there should be a greater 
sharmg of responsibility for the success of the 
student 
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Probably the most mportant contribution that 
industry can make 1s to participate m policy formula- 
tion for the organization and admunistration of 
technical colleges by serving on college governmg 
bodies and departmental advisory committees Some 
colleges are still governed by a committee which 18 a 
sub-committee of the local further education com- 
mittee, which itself is a sub-committee of the educa- 
tion. commuttee of the local authority ‘Moreover, we 
view with mereasing concern, the growmg intrusion 
of local political issues into the deliberation of some 
governing bodies which has a discouraging effect on 
industrial participation ” 

Industry must co-operate m the teaching of techni- 
cal colleges partly by encouraging moro of its qualified 
young men and women to accept part-time teaching 
posts m the colleges and also by releasmg, where 
necessary, men of appropriate skil and knowledge 
to teach on a pait-time day basis Sandwich courses 
m particular need teachers with close and current 
contact with mdustrial problems, these are not 
always to be found—nor could they be fully and 


MODERN NETWORK THEORY 


HE first phase in the development of network 

theory was opened by the work of Ohm 1n 1827 
and may be regarded as bemg terminated, at the end 
of the nineteenth century, by the work of Heaviside 
By this date the mam concepts and methods of net- 
work analysis were established and although mathe- 
maticians more orthodox than Heaviside were yet 
to present operational methods in a different hght, 
little other work of significance appeared between 
1900 and 1922 The subsequent growth of network 
theory was greatly stimulated by the use of the 
notion of a complex frequency, a concept which, m 
its turn, grew out of the application of the theory of 
functions of a complex variable to those problems of 
time-variation ın networks which had previously 
been treated by the methods of Heaviside 

With the mtroduction of more powerful mathe- 
matical tools ıt became possible, ın the second and 
present phase m the growth of network theory, to 
treat the problems of realizability, synthesis, approxi- 
mation and practical design, that 1s to say, which 
mathematical functions may be realized as network 
characteristics ? How may networks having pre- 
seribed, realizable, characteristics be found’? By 
what approximations may a desired physical response 
be most usefully and economically translated mto a 
set of realizable mathematical functions ? In what 
manner do the general mathematical processes of 
realization and synthesis require to be treated if the 
outcome is to be a practicable network using a 
comparatively small number of relatively cheap 
components ? 

These are some of the questions with which modern 
network theory 1s concerned, and to discuss them the 
Department of Electrical Engimeering of the Univer- 
sity of Birmingham organized an informal conference 
which took place m that Department durmg Septem- 
ber 21-24 The mam purpose of the conference, 
believed to be the first on this subject to be held in 
Britam, was to give ample opportunities for the 
discussion of network problems, and the lectures and 
papers which were presented took up only one-half 
of the tıme of each session im order to permit this 
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efficiently employed m the techmecal college Indus- 
try can offer another valuable service—that of taking 
im the full-tame teacher for periods of refreshment m 
current practice Local education authorities are 
empowered to release teachers for up to 12 months 
for industrial experience without loss of pension rights 

Since industrial firms supply the great majority of 
students, they must keep the college generally ın- 
formed of their education requirements—quahtatively 
and quantitatively They must keep the colleges 
informed of the latest developments ın their special- 
ized fields and of the needs to which the college can. 
contribute They must support the colleges ın their 
activities and assist them m carrying out ther job— 
whether by loanmg staff or equipment or giving 
them the benefit of their knowledge m the advisory 
or admimstratave fields They must consult with 
them on all matters of jomt mterest and mamtam a 
constant flow of mformation m both duections 

The conference was attended by 140 representa- 
tives of education and industry from north-west 
England 


IN ELECTRICAL ENGINEERING 


In a limited space ıb 1s not possible to give equal 
treatment to every paper and discussion, but it 1s 
hoped that the nature of some of the problems dis- 
cussed will be made clear by the following account 

Of all the sessions, the first was the most funda- 
mental and abstract but also at the greatest remove 
from any mmediate relevance to practical problems 
Mr P R Bryant (General Electric Co , Wembley) 
spoke on a topological analysis of the order of 
complexity of an electrical network The ‘order of 
complexity’ was defined as the number of the natural 
frequencies of an electrical network and this number 
was shown vo be equal to the number of dynamically 
independent network variables In order to prevent 
too naive an approach to this work 1t 1s only necessary 
to point out that a network of n capacitors connected 
in series possesses an ‘order of complexity’ of m, 
whereas the network formed by connecting the 
capacitors m parallel 1s of order 1 The other paper 
in this session was presented by Dr V Belevitch 
(CECE, Brussels) and was concerned with a treat- 
ment by matrix algebra of the realizabthty theory 
for general lmear, stable networks with n terminal- 
pairs 

A discussion on a group of papers on networks 
with parameters va ying with time was opened by the 
authors—Prof D G Tucker, Mr D P Howson and 
Mr J M Layton (University of Birmmgham) A 
major part of the discussion centred on the possibility 
of applymg, to networks with parameters varying with. 
time, theorems developed fiom a study of networks 
with constant parameters That care 1s needed m 
makmg translations of this kind was shown by a 
demonstration m one of the papers that the input 
1mpedance of certam rectifie: modulators was depend- 
ent on the nature and magnitude of the impedance 
associated with the source used to provide the mput 
voltage and current This result ıs more surprising 
than the discovery that theorems such as those of 
Théveni and Norton cannot usefully be apphed to 
many networks varying with time Much more work 
is requned to define the types of networks to which 
the maim results of classical theory may be applied, 
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and ıb ıs evident that the analysis of networks con- 
taming reactances varying with time presents many 
problems, not the least of which 1s that of determining 
the conditions for stability 

In the third session Dr O P D Cutteridge (Man- 
chester College of Science and Technology) spoke 
on the application of a particular continued-fraction. 
expansion to a range of problems of active and passive 
networks The expansion may also be used to 
determine the character of the zeros of a polynomial 

A lengthy discussion was mitiated by a paper on 
the synthesis of three-terminal resistance-capacitance 
networks, presented by Mr J T Allanson (University 
of Birmingham) There exists no complete solution 
to the problem of designmg a network of this kmd 
if the three impedance functions of the network are 
specified It can be shown, by analysis of real net- 
works, that the impedance matrix for any three-ter- 
minal. esistance—capacitance network must necessarily 
satisfy certain conditions 1t can also be shown, by 
synthesis of networks, that 1f an impedance matmx 
satisfies & more extensive set of conditions a network 
of this type may be found to represent the matrix 
The paper' and the discussion were concerned with 
attempts to close the gap between these two—the 
necessary and the sufficient—sets of conditions 

A discussion of a similar kind took place after 
Dr W Saraga (Siemens Edison Swan, London) had 
discussed the analysis and synthesis of reactance 
networks in terms of the ‘one-pomts’ of various 
functions The traditional methods of analysis and 
synthesis have regarded the poles and zeros of various 
network functions as constitutmg the most easily 
handled. specification of these functions, but there are 
certam advantages m using the values taken by the 
complex frequency variable when the functions m 
question have the values of + 1 However, the 
smmpheity of procedure which results from usmg these 
“one-pomts’ ın network synthesis has to be paid for 
by an inerease in the number of network elements 
required to realize a given set of functions In practi- 
cal applications these redundant elements must be 
removed and the series of network transformations 


BRITISH OVERSEAS ‘INFORMATION SERVICES 


m 


N a written statement cuculated m reply to a 
question m the House of Commons on November 

16 as to the 1mplementation of the proposals m the 
White Paper on Overseas Information, the Chancellor 
of the Duchy of Lancaster, Dr C Hill, stated that 
since April 1, 1959, the British Council has recruited 
140 teachers of English for overseas posts, and 
expenditure on exchanges of university teachers with 
foreign countries has risen from £6,164 m 1958-59 
to about £9,014 for 1959-60, for Commonwealth 
exchanges the corresponding figures are £12,113 and 
£16113 The number of scholarships awarded by 
the Council has risen from 284 m 1958-59 to 355 in 
1959-60, and of these 98 and 141, respectively, were 
related to the teaching of English, meluding twelve 
new scholarships for students from the Colonial 
territories for teaching English as a second language, 
14 studentships at the University of London 
Institute of Education for United Kingdom graduates 
intendmg to teach English overseas, and fifteen new 
posts concerned with the teaching of Enghsh estab- 
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necessary to do this may be sufficiently complicated 
to nullify the advantages of the precedmg smmplierty 
It appears that ‘one-pomt’ analysis may be most use 
fully applied as complementary to pole-zero analysis 
in revealing useful general relations in networks 

Dr G S Brayshaw (University of Leeds) presented 
a paper dealing with an application of positive-real 
graphs and Dr A Talbot (Imperial College, London) 
discussed the use of Tchebyscheffian approximations 
in network synthesis, and outlined an algebraic 
method for the determination of rational approximat- 
ing functions suitable for filters required to have 
Tchebyscheffian characteristics m both pass and stop 
bands 

In the fourth session of the conference two papers 
were read on the design and construction of filter 
networks Mr E R Austin (Post Office Research 
Station, London) outlined a computational procedure 
for obtaining, in the form of a ladder network, an 
image parameter filter m which advantage is taken 
of the theoretical possibility of specifymg mde- 
pendently the attenuation and impedance character- 
istics The design may be regarded as yielding a filter 
more efficient than the corresponding Zobel type but 
less so than one designed on an msertion loss basis 
Dr J H Mole (HM Underwater Detection Establish- 
ment, Portland) spoke on problems of component 
design, accuracy and tolerance, mechanical construc- 
tion and the testing and measurement of practical 
filters 

The final session of the conference was taken up 
with a discussion on the place and teaching of 
electrical network theory m universities and technical 
colleges Mr F E Rogers (The Polytechnic, London), 
De A W Keen (Coventry Technical College), and 
Mr E R Broad (Post Office Research Station, 
London) opened the discussion, which was vigorous 
but meonclusive However, 16 was agreed that more 
attention must be paid to the physical and mathemati- 
cal fundamentals underlying the practical techniques 
for the solution of network problems and less time 
given to these techniques themselves 

J T ALLANSON 
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hshed overseas Educational exchanges with Czecho- 
slovakia and Hungary have commenced, including a 
three-week visit to British universities of six pro- 
fessors from Czechoslovakia Government grants to 
the British Council were estimated at £5,824,000 for 
1959-60, compared with £4,615,000 im 1958-59 
Expenditure on British Council libraries was 
£234,000 in 1958-59 and will vise to about £480,000 , 
for books and periodicals for presentation, the cor- 
responding figures are £39,000 and £72,000 In 
consultation with the Governments concerned, twenty 
new British Council libraries have been, or will shortly 
be, set up, and long-term lending hbrary services for 
students are now operating or will shortly operate 
at nme Council centres and through universities 
Libraries of the long-lendmg type are already oper- 
ating m Karachi, Rawalpmdi and Dacca and in 
process of being extended to Lahore and Chittagong, 
and fist mdications are that they are a great success 
More than, 30,000 books have been sent out and 235 
additional subscriptions to periodicals provided for 
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Council hbraies m India smece April 1, 1959, for 
Pakistan, the corresponding figures are nearly 40,000 
and 104 Measures to promote exports of British 
books and periodicals are making good progress, and 
proposals have been put to the Governments of 
Indonesia, Israel, Pakistan, Poland and Yugoslavia 
with the amm of agreemg upon schemes broadly on 
the lines of the forme: British book export schemes 
Trade organizations in the periodical field have been 
consulted on measures to assist curculation of news- 
papers and periodicals in some of the more difficult 
markets overseas 

In broadeasting, Dr Hull said that excellent pro- 
gress has been made with the construction of the 
new relay transmitter at Berbera, and the Arabic 
Service of the BBC 1s now transmitting for 12 hr 
daily compared with 4 5 hr m 1957 Efforts have 
been made to increase both the local and general 
appeal of the Service, and arrangements have been 
made to provide the local Press and broadcasting 
services m East Africa and Aden with more material 
on the background m the news A conference of the 
Governments of the East African. temitories, Aden 
and the Somahland Protectorate i March 1959 pro- 
vided a valuable mterchange of information and 
ideas, and the re-appraisal of the Overseas Service of 
the BBC in English, nearmg completion, has given 
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full weight to the special importance of increasing 
the appeal of these Services to the rapidly growmg 
number of listeners overseas for whom Enghsh is a 
second language Studies have been made of the 
possibility of mtroducmg television m Aden 

With regard to official services, a United Kmgdom 
Information Office has been opened m Kampala and 
premises m Naarobi are bemg equipped , expenditure 
on television material for showing overseas 1s expected 
to be £138,000 in 1959-60 compared with £121,000 
in 1958-59, and all the expansions 1ecomrmended m 
the Central Office of Information Services have been 
made or ars in progress These include umprovements 
in the Press and telegraph services, a radio-type 
service for local broadcasting ın Arabic, Somalı and 
Swahili, the completion of three experimental tele- 
vision films for the British Council on the teaching of 
English , imereased supply of trade and technical 
periodicals overseas and an expanded programme of 
overseas visits, especially on the Commonwealth side 
A Commonwealth Exhibition, mtended as the focal 
point of ‘Commonwealth Weeks’ m several major 
cities, was opened in Liverpool on November 19 
The cost of the Overseas Information Services m 
1959-60 ıs now estunated at about £16 6 milion a 
year, while measures to promote exports of British 
publications will cost about a further £500,000 a year 


METALLOGENIC MAPS 


HE notion and the term metallogenic or metallo- 

genetic are due to L de Launay, who in 1900 
proposed the terms ‘metallogenic provinces’ and 
‘metallogenic epochs’ Respectively, these two terms 
meant a particular geographical region or a specific 
geological epoch characterrzed by a particular 
assemblage of mmeral deposits The representation 
of such a province or provinces on the map led to 
the construction of metallogenic maps Such a map 
differs from what is called a ‘mmeral map’ <A 
muneral map only shows the distribution of one or 
several muneral deposits, while the aim of a metallo- 
genic map 1s not only this but also to relate the 
distribution of such deposits to the geological forma- 
tions or periods and to the tectonic features of the 
region This leads to the discovery of particular 
areas of distribution or zones of occurrence , changes 
m the character of mineral deposits m time , associa- 
tion of certain chemical elements among the deposits, 
and many other features . 

Durmg the past few decades the problem of con- 
struction of metallogenic maps of various countries or 
on an international basis has been discussed At the 
International Geological Congress held m Mexico City 
in 1956 a Sub-Commission for the Metallogeme Map 
of the World was created Durmg March-April 1958 
this Sub-Committee, as a part of the wider Com- 
mussion of the Geological Map of the World, met m 
Paris (Nature, 182, 502, 1958) At this meeting a 
numbe. of metallogenic maps of different countries 
were shown and discussed and the future programme 
outlined 

In the USSR the problem of metallogenic pro- 
vinees, epochs and maps were particularly discussed 
by the late Y A Bihbm (1901-52) and S S8 Smmnov 
(1895-1947), and at the present time this work 
occupies the forefiont of geological research Valuable 
contributions to the metallogeny of various ores were 


recently made by N S Shatsky, discussing the man- 
ganese ores (Bull Acad Sc USSR, Ser Geol, 
4, 3, 1954), and phosphorite deposits (“Conf Sed 
Rocks, Acad Sci USSR”, 2, 7, 1955) The 
metallogeny of Kazakhstan has been discussed by 
K I Satpaev (Bull Acad Sc USSR, Ser Geol, 
6, 34, 1953) and A I Semenov (Soviet Geology, 58, 
110, 1957) The prmeaples of regional metallo- 
genic analysis have been discussed by V I Serpukhov 
(Sovet Geology, 43, 27, 1955) The principles of 
metallogeny and the construction of metallogente 
maps are discussed by E T Shatalov (Bull Acad 
Sea USSR, Ser Geol, 9, 37, 1958) An attempt 
at a general metallogenie survey of the territory of 
the Soviet Union and the construction of a metallo- 
genic map of the U S S R was made by V I Smirnov 
(Bull Acad So USSR, Ser Geol, 4, 3, 1959 
and Priroda, 4,17, 1959) Recently, E A Radkevich 
(Bull Acad Ser USSR, Ser Geol, 5, 125, 1959) 
has published a report of the All-Union Metallogeme 
Conference held in Alma-Ata durmg December 1958, 
at which 800 delegates and visitors were present and 
a number of papers read and discussed A valuable 
summary of the work done m the Soviet Union 
m this field combined with a manual for the prepara- 
tion of metallogene maps has been published im 
book form It is edited by P M. Tatarmov, V G 
Grushevoy and G S Labazm, and it 1s entitled 
“General Principles of a Regional Metallogenic 
Analysis and of the Methods of Compilation of 
Metallogenc Maps of Folded Regions", published 
by “Gosgeoltekhizdat”, Moscow, 1957 (150 pages, 
price 7r 20k) ‘This volume contaims seven articles 
dealmg with the general principles of a regional 
metallogenic analysis, sedimentary and igneous 
formations, mineral deposits complexes, metallogenic 
zones and methods of compilation of metallogenic 
maps S I TOMEXEXIEFF 
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ULTRASONICALLY DISPERSED SODIUM 


By M W T. PRATT and R. HELSBY 


General Chemicals Diviston, Imperial Chemical Industries, Ltd , Widnes Laboratory, Widnes 


ANY chemical ieactions mvolving sodium 
benefit from the use of the metal m a highly 
dispersed form The surface area available for 
reaction is then very large for example, the surface 
area, of spherical particles of sodium 1 micron in 
diameter is 6 x 104 sq cm per gm Recently, we 
have prepared, by an ultrasome technique, much 
finer dispersions of sodium in hydrocarbons than can 
be mado by the high-speed strrmg methods most 
commonly used 
The production of sodium dispersions ultrasonically 
18 sunple, a molten mixture of sodium and hydro- 
carbon. dispersmg medium 1s ultrasomeally irradiated 
for a few minutes under an mat atmosphere (a 
patent has been applied for to cover the process) 
A laboratory apparatus capable of producing 200-gm 
quantities of sodium dispersions by this method is 
sketched m Fig 1 An ultrasonic magneto-strictive 
transducer with a resonant frequency of 25 ke /s 1s 
sealed by a ‘Neoprene’ ring mio a cylmdrical ‘Pyrex’ 
reactor (15 cm x 6 em) Ultrasonic irradiation is 
apphed to a molten charge of sodium and dispersmg 
medium at a power of approximately 250 W for 
about 10 mm, until the colour of the dispersion 
becomes constant, indicating that the equilibrium 
state of dispersion has been reached The dispersion 
18 then forced out of the reactor by pressure of inert 
gas into a container, from which the air has previously 
been displaced by inert gas 
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Fig 1 Apparatus for the preparation of small batches of ultra- 
sonically dispersed sodium 
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Fig 2 (d) Mechanically dispersed sodium produced by stirring 
at 10,000 rev /min (x 1,000) 


Fig 2 (b) Ultrasonieally dispersed sodium, the small particles 
tend to agglomerate (x 1,000) . 


Batch, or continuous-flow methods of dispersmg 
sodium ultrasonically may be used , the latter enable 
quantities to be made on a commercial scale 

Any hydrocarbon with a boilmg point higher than 
the melting point of sodium (97° C ) will serve as the 
dispersing medium, but the media we have found 
most useful are high-boilng (100-120? C) petrol 
and yellow petioleum jelly Dispersions can easily 
be made ultrasomeally contaming 15 per cont sodium 
by weight m petrol and 25 per cent by weight m 
petroleum jelly Sodium particles m find hydro- 
carbons are rapidly attacked by air and water, and 
should be used immediately after preparation. 
Sodium dispersed in yellow petroleum jelly reaches 
an exceptionally fine state of subdivision, possibly 
due to the presence of a natural dispersing agent m 
the jelly The sodium particles in this paste-hke 
medium are protected from attack by air and mois- 
ture, so that the dispersions keep well, and can be 
safely transported The sodium is hberated for 
reaction either by melting the jelly, or dissolvmg ıb 
m petrol, to avoid decrease im reactivity, this 
must be done under an mert atmosphere 

Sturrmg molten sodium and dispersmg medium 
together mechanically at 10,000-20,000 iev [mum 
produces grey-coloured dispersions in which the 
particles are mamly between 8 and 15 microns m 
diameter A photomicrograph of a typical mechani- 
cally produced dispersion ın petroleum jelly 1s shown 
m Fig 2a Nearly all the particles ın ultrasonically 
dispersed sodium in petroleum jelly are 1 micron or 
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48 fel T to prevent a build-up of unreacted 
Uncontrollable reaction 
and dangerous | chlorobenzene , eventually the 
44 temperature surge ft —t accumulation of chlorobenzene 
x reacts at an accelerating rate, and 
40 5 Y E an uncontrollable temperature 
g | | ld surge occurs When this reaction 
g% r “| has been carried out on a large 
E | Steady, controlled scale, using mechanically dıs- 
8 32 d4—Á 7 at reaction persed sodium, temperature surges 
5 | Abrupt end of have sometimes been sufficient to 
a aie NEUE Bot N cainplenon boil the dispersing medium, and 
ni 
3 j| ; SS serious explosions have followed 
E 4 Fs rM & | Reaction tails It 1s therefore advantageous to 
Vv | x N oT bifore use ultrasonically dispersed rather 
20 High inital j ne than mechanically dispersed sod- 
7 
V Low inital reaction rate M | ium in tbe preparation of sodium 
16 -A Build up of unreacted —7] ae == phenyl, and this 18 hkely to be the 
: _— chlorobenzene t 
V s Mechanical dispersion case for many other reactions also 
B$ —1 —4 € ^8 10 ij 14 i6 18$ 30 2 d: i 28 3% The benefits commonly claimed 
Time (minutes) agre Stopped for the use of mechanically dis- 
Fig 3 Comparison of the reactivities of sodium dispersed mechamally and ultrasonically persed sodium instead of the 


less m size (Fig 25), and these dispersions have a 
deep blue ox purple colour This colour 1s probably 
due to the scattermg of hght by the small particles, 
analogously to the production of the blue colour of 
the sky by the light-scattermg effect of dust particles 
Having established that ultrasome techniques 
enable sodium to be dispersed to a higher degree than 
1s possible by rapid sturmg, we showed that the 
extra fineness produces advantages in chemical 
reactions gieater than those gamed by the use of 
mechanically dispersed sodium This 1s well demon- 
strated m the exothermic reaction between sodium 
and chlorobenzene to produce sodium phenyl This 
reaction. 1s sometimes difficult to mitiate, even when 
the best mechanically dispersed sodium is used 
However, when sodium ultrasonically dispersed in 
petroleum jelly is used (afterwards dissolved for 
reaction m 100-120? C petrol), reaction 1s always 
initiated at once, even at 20° C, which is a low 
temperature for this reaction The reaction-rate 1s 
10-20 times greater for ultrasonically dispersed 
sodium than for the mechanically dispersed metal 
In experiments performed with small quantities of 
reagents, chlorobenzene was added continuously, at 
the rate of 05 ml per mm, to 6 gm of sodium 
dispersed m petroleum jelly, afterwards dissolved in 
150 ml petrol Fig 3 shows that, under these con- 
ditions, ultrasonically dispersed sodium immediately 
reacts at a high rate (indicated by the rapid rise m 
the temperature of the reactants towards its equili- 
buum value) and the reaction 1s smooth and control. 
lable Under the same conditions, mechanically 
dispersed sodium is not able to react quickly en ough 


bulk metal can now be extended 
m higher degree to the use of ultrasonically dispersed 
sodium, for which the advantages may be summarized 
as follow 

Faster reaction rates are obtamed as a consequence 
of the large surface area of a fine dispersion 

Improved reaction control follows, for there is no 
accumulation of unreacted material, and the sodium 
can be added at an easily and precisely regulated rate 

Temperatures can be lower due to the high reactivity 
of the dispersions Sudden temperature surges, 
which may occur with the use of bulk or mechameally 
dispersed sodium, are elimimated, and the reaction 
temperature may be held within close limits 

Jhmanaton of side reactions frequently results 
from the use of low reactión-temperatures 

Haghe: yelds result from the above advantages, 
and also because dispersions are completely consumed 
1n conditions in which an insoluble reaction product 
coats the surface of bulk sodium, and prevents the 
reaction of a large fraction 

Replacement of more complex reagents such as 
sodium alkoxides, sodium hydride, and sodamide by 
sodium dispersions 18 possible m reactions which do 
not proceed satisfactorily with the bulk or mechani- 
cally dispersed metal 

Chemical reactions m which these advantages are 
hkely to result melude Claisen condensations, 
Wurtz reactions, preparation of sodrum alkyls, aryls 
and alcoholates, metalations, replacement of active 
hydrogen atoms and the purification of hydrocarbons 

We are grateful to many colleagues m Imperial 
Chemical Industries, Lid, who designed and built 
the ultrasonic equipment we used 


SWELLING FORCES IN STRAINING CLAYS 
By E. L. GREACEN 


Division of Soils, Commonwealth Scientific and Industrial Research Organization, South Australia 


T is generally accepted that the compression and 

swelling of a clay saturated with sodium ions 18 
described by the osmotic theory of swelhng!-? This 
theory 1s based on osmotic effects associated with the 
adsorbed layer of ions in elays*5, and relates the 
thickness of the water layer between two clay plates 
to the swelling pressure? In the case of calenum 


clays, however, although the virgm compression 
curve agrees reasonably well with the theoretical 
curve, the subsequent swelling on decompression does 
not Warkentin, Bolt and Miller? concluded in this 
regard that either an unspecified attractive force was 
operating or that the osmotic swellmg force was 
somehow dimmushed If these conclusions can be 
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Fig 1 Compression and decompression curves for ealeium clay 
with theoretical swelling curves 





Fig 2 Possible structure in (a) flocculated clay, (b) consohdated 
clay, (e) lite clay in the ideal strainmg CYR condition 


accepted, they suggest an explanation of the behaviour 
of clays when they are stramed unde, load 

Recently, however, Aylmore and Qurrk* have 
questioned the interpretation of these results on the 
grounds that for the calculation of film thickness 
Warkentm et al took as the specific surface of their 
calcr™um montmorillonte a value of 800 m */gm, 
whereas Aylmore and Quirk found that for a similar 
clay 648 m */gm out of a total surface of 760 m */gm 
was imtracrystallme and not operative, giving an 
effective surface of only 112 m ?/gm They concluded 
that the osmotic theoiy of swellmg does not apply 
to clays saturated with calexum ions 

The point of difference can be explamed ieadily 
by reference to Fig 1 In order to overcome the 
above objection, I have plotted the results of 
Warkentin et al as water content, m the place of film 
thickness, against the applied pressure I have also 
included a probable swelling curve for Aylmore and 
Quirk's clay from the results they have grven The 
theoretical cwves (broken lines) give calculated 
pressures for values of film thickness which would 
exist for the two cases where (1) the whole surface, 
800 m ?/gm , 18 active and (u) where approximately 
only one-seventh, 120 m ?/gm , 18 active and the curve 
is corrected for mtra-crystallme water? It appears 
that the calcium clay is becoming compressed from 
the virgm condition agamst a pressure that 18 some- 
what higher than would be expected even from an 
osmotically actrve surface of 800 m */gm I conclude 
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that a separated plate model (Fig 2a) 1s suggested 
by the results, and that this becomes compressed 
progressively to the condition shown m Fig 2b, 
similar to that proposed by Aylmore and Quirk 

The mteresting featue of the curves of Fig 1 1s 
the apparent relation between the theoretical swellmg 
curve and the OVR lme! of soil mechanics When a 
virgin compressed clay 3s stramed under shear, ıb 
becomes compressed further to a state where the 
voids ratio (water content) is m equilibrium with the 
compression load, this 1s called the critical voids 
ratio state and a plot of the critical voids ratio 
against the effective pressure 1s known as the COVER 
Ime Furthermore, when an over-consolidated clay, 
that 1s, one that has been compressed and then 
unloaded to some point on the decompression curve 
(Fig 2), 1s stramed under a shear stress, 1t swells to 
an equihbrium voids ratio which is described by the 
same OVR lme’! Consider now the model for the 
calcrum clay duimg virgm compression Edge to 
face bonds, 01 short-range attiactive forces which 
could operate under the conditions of Fig 2a, will 
assist the osmotic swelling force im resisting volume 
change during compression, but on the other hand 
they will oppose swelling forces dw ing decompression 
This explains why the theoretical curve falls below 
the virgm compression curve m Fig 1 Further, if 
we accept the unique nature of the CV E hne for a 
strammg clay, it follows that short-range forces are 
not operating at all during shear, but that the OVR 
state represents a balance between only the osmotic 
swelling pressure and the external force It is 
suggested that when a compressed clay (Fig 2a, b) is 
stramed unde: shear, the short-range forces are 
overcome, and the clay plates are fully oriented 
(Fig 2c) at a spacing outside the range of these 
forces JI have described’ a rheological model con- 
sisting of friction bodies and sprmgs which allows for 
this explanation of the CY E state 

In Fig 3 the CV E line? 15 given with compression 
and swelling curves'! for a sample of London clay 
This soi is ultre, with clay (<2u) content 69 per 
cent, specific surface 88 m ?/gm , and 15 m equiv of 
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Fig 3 Compression and decompression curves and OVR line for 

London clay The calculated swelling curve for a solution con- 

centration of 107 Af has been arranged over the CFR hne by 
a ‘dead’ volume correction of -+ 26 A 
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exchangeable calcium out of a total exchange capacity 
of 19 mequiv /100 gm (ref 12) From the above 
data the specific surface for the clay fraction 1s about 
120 m ?[gm , which 1s the value for 11hte used by Bolt 
and Miller? A value of 10-* M has been assumed for 
the soil solution concentration, although this is not 
critical On the assumption that the change in 
volume of the clay fraction accounts for the change 
i| volume of the whole sod, I have caleulated a 
theoretical swelling pressure curve This curve has 
been arranged over the OVR hne by correcting for a 
dead volume of water equivalent to a film thickness 
of 26 A Accordmg to Bolt}, this dead volume 
represents the volume of water which, due to the 
geometry of clay particles, cannot be expelled from 
the soil by compression For London clay a correction 
fo: dead volume of 30 A places the theoretical curve 
exactly over the virgin compression curve, for 
Weald clay, for which parallel data are available!-1, 
a value of 36 A is required These agree with the 
30-40 A shift found by Bolt for a prepared ihte 
It should be noted that, although the position of the 
theoretical curve relative to the CVR Ime depends 
solely on the dead-volume correction, the two curves 
have the same slope This shows that the osmotic 
theory can account for the change m volume of 
calerum illite under these conditions 

The above model also suggests a method for testing 
the existence and effect of long-range attractive 
forces in clays Since such forces will oppose osmotic 
repulsion durmg both swellmg and compression, 
their presence should not deny the unique nature of 
the CVF hne as would short-range forces On the 
other hand, since for a given external pressure the 
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osmotic theory requires approximately double the 
interparticle spaemg for a sodium compared to a 
calcrum clay, one might expect the effect of long- 
range forces to differ for the two systems Any such 
difference would at present be lost m the dead-volume 
correction 

The above results do not prove conclusively that 
the sumple osmotic theory is applicable to calexum 
clays, but they do show that ıt can provide a reason- 
able working hypothesis m an otherwise obscure field 
It should not be lightly discarded The theory could 
be tested by measurements of the degree of orientation. 
obtained during compression and compression with 
shear Further progress seems to he m a more 
critical estimation. of the CVE concept and of the 
dead-volume factor for both sodium and calcium 
clays ım the strammg condition 
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A SPECIFIC RESPONSE IN THE HIPPOCAMPUS OF THE 
RABBIT TO OLFACTORY STIMULATION 


By B G CRAGG* 


Department of Anatomy, University College, London 


HE olfactory bulb projects to the piriform lobe 

through the lateral tract and through the more 
medial radiation which 1s continuous with the anterior 
hmb of the anterior commissure The distribution of 
these tracts within the pyriform lobe has been described 
in experimental material stamed by the method of 
Glees!?, Termmations are seen mainly ın the pre- 
piriform cortex, anterior olfactory nucleus, olfactory 
tubercule and central amygdaloid nucleus The 
projection to the last-named area is probably derived 
from the medial radiation rather than from the lateral 
tract, and 1s bilateral No termmations have been 
seen in the hippocampus or in the septum The 
distribution in the piriform lobe of electrical responses 
to olfactory stimulation ıs substantially compatible 
with the histological findings*-* An electrical 
response in the hippocampus to single electrical 
stimuli applied to the olfactory bulb has however 
been claimed‘ but not confirmed The purpose of 
this article 1s to describe a large and consistent 
electrical response in the hippocampus of the rabbit 
that can be obtaimed by suitable repetitive stimula- 
tion of the olfactory tracts 


* Leverhulme Mental Health Research Fund Fellow 


Electrical recordings were made from an insulated 
needle with a bare tip of diameter 10u placed in the 
pyramidal cell layer (Ammon’s horn) of the hippo- 
campus while electrical stimuli were apphed to a radial 
pair of needles placed im the olfactory peduncle to 
stimulate both the medial radiation and the lateral 
tract Stimulation at a frequency less than 8 per 
sec sometimes elicited very small evoked responses 
m the hippocampus At a frequency of stimulation 
between 8 per sec and 20 per sec, however, lage 
evoked responses invariably occurred throughout the 
dorso-ventral extent of the ipsilateral hippocampus, 
but only after 50-100 stimuli had been delivered At 
frequencies between 20 per sec and 230 per see no 
hippocampal response was seen, but 1f the stimulation 
rate were switched down to 5-20 per see after 50— 
100 stamuli had been delivered at a higher frequency, 
large evoked hippocampal responses were obtaimed 
after 5-10 stımulı had been given at the slower rate 

Evoked hippocampal responses were obtained by 
stimulation of the medial radiation alone, but not by 
stimulation of the lateral tract alone If, however, 
repetitive stumulation were suddenly switched from 
electrodes ın the medial radiation to electrodes 1n. the 
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lateral tract while the hippocampus was responding, 
the responses continued unchanged except for a small 
inerease m latency The same result was obtained 
on switching from the ipsilateral to the contralateral 
medial radiation, for hippocampal responses can 
be contmued but seldom started by contralateral 
stimulation A similar switching of repetitive stamula- 
tion from the medial radiation to the central eut end 
of the optic, sciatic or vagus nerves immediately 
iermunated the evoked hippocampal responses 
Moreover, if repetitive stimulation were applied 
both to one of these nerves and to the medial radiation 
until hippocampal responses were obtamed, the 
evoked responses ceased at once if the olfactory 
stimulation were stopped while the nerve stimulation 
was contmued These hippocampal responses m the 
rabbit are therefore specifically related to the olfactory 
system 

The hippocampal response first appears after 50— 
100 stumuli as a small deflexion with a latency of 
40-60 msec , but with 5-10 more stimuh the latency 
decreases to 20-24 msec and the full amplitude of 
up to 3 mV isattamed With repetitive stimulation 
at 8 per sec this response persists for 30-40 sec 
after which the amplitude declines and the latency 
mereases until the response disappears agam with a 
latency of 60 msec Apart from rare immediate 
recurrences, no further response can then be obtained 
until 90 sec have elapsed without stimulation, 
although the response can be recalled for a few seconds 
by an early high-frequency tetanus If the repetitive 
stimulation 1s stopped when the hippocampal response 
has just attamed the full amplitude there is a brief 
after-discharge 

Electrical recordings have been made at different 
depths m the hippocampus to identify the elements 
responding (Fig 1) Negative wave-forms are seen 
at the level of the pyramidal neurones in area CA, 
but positive wave-forms appear at the level of the 
dendrites in the upper blade of the dentate gyrus, 
and persist m area CA, and in the rest of the dentate 
gyrus Recordings on other electrode tracks show a 
negative response im area CA, but not m area CA, 








Fig 1 


Electrical recordings made at different depths in the 
dorsal hippocampus of a rabbit anesthetized with urethane 
during the stimulation of the ipsilateral olfactory peduncle at 


8 per sec The diagram shows the positions of recording on a 
tracing of a frontal section through the needle track A single 
neurone has been represented in the Ammon’s horn with the 
apical dendrite below the cell body, and the axon above In the 
dentate gyrus another single neurone is represented with the 
dendrites above and the axon below the cell body _A, the wave- 
forms recorded after 10 see of stimulation, B, after a further 
30 sec of stimulation, negative polarity upwards, AH, area 
CA, of the Ammon’s horn, DG, upper blade of the dentate gyrus 
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The interpretation of these findings 1s that only the 
pyramidal cells of areas CA, and CA, respond to the 
stimulation The same distribution of potentials is 
seen throughout the dorso-ventral extent of the 
hippocampus 

This hippocampal activity might be expected’ to 
lead to visceral changes Recordings of visceral 
activity show that the blood pressure rises slightly 
and the respiration is often mereased in the period 
between the beginning of olfactory stimulation and 
the occurrence of the hippocampal response When 
the latter appears the blood pressure starts to fall, 
the respiration 1s reduced, and the bladder and rectum 
contract These latter effects soon pass off, but the 
fall of blood pressure continues as long as the hippo- 
campus continues to respond, and the total fall may 
exceed 40 mm mercury When after 30-40 sec the 
hippocampal responses cease, the blood pressure 
promptly rises agam although the stimulation 1s 
continued The low level of blood pressure 1s not the 
cause of the eventual failure of the hippocampal 
response, for the latter may occur at 80 mm mercury 
after a fall from 120 mm mercury, whereas a hippo- 
campal response can be started with olfactory 
stimulation at a blood pressure of 40 mm mercury 
though not at 25 mm mercury 

These visceral changes comede with, but are not in 
fact caused by, the activity of the hippocampus, for 
the fornix can be cut on both sides and the hippo- 
campus dissected out with a sucker without affecting 
the visceral changes It was found that the electrical 
responses of the hippocampus were unaffected by 
cutting the fornix or the fimbria, but were abolished 
by section of the angular tract of Cajal? at a position 
ventral to the pomt of recording Thus finding, to- 
gether with the fact that the shortest latency of the 
hippocampal response 1s 2-3 msec less in the ventral 
than ın the dorsal hippocampus, implies that impulses 
reach the dorsal hippocampus by ascending the angu- 
lar tract from the pimform lobe Activity of neurones 
in the latter concurrent with the hippocampal response 
1s beheved vo cause the visceral changes Similar 
visceral effects can be elicited by direct stimulation 
m the prepiriform cortex after ablation of the hippo- 
campus Impulses are presumably relayed from 
the prepiriform cortex to autonomic centres in the 
hypothalamus or brain stem 

Electrical recordings have been made throughout 
the piriform lobe during olfactory stimulation in 
order to trace the olfactory impulses to the hippo- 
campus Responses to single shock stimulation of 
the lateral tract were found ipsilaterally in the olfac- 
tory tubercule and throughout the prepiriform cortex 
as far caudally as the periamygdaloid cortex The 
responses had a latency of 2-5 msec to first inflexion 
and reversed sharply 1n polarity, bemg positive dorsal 
to the cell bodies and negative ventrally m the region 
of the axo-dendrtie synapses ^ Similar responses 
and some later deflexions were obtamed im these 
same areas, and also bilaterally m the amygdaloid 
complex, with single shocks applied to the medial 
radiation in the olfactory bulb after cutting the 
visible part of the lateral tract 

When repetitive stimulation 1s applied to the 
medial radiation the primary responses described 
above contmue, large secondary responses appear 
throughout the piriform lobe but not m the postenor 
superior entorhinal cortex at the same instant that the 
hippocampal response appears These secondary 
responses vary in latency from 6 msec 1n the olfactory 
tubercle to 18 msec in the amygdala At any 
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position of recording the latency gradually moreases 
after 10-20 sec of stimulation In the amygdala 
and in the caudal prepiriform cortex the secondary 
responses eventually disappear at a latency of 50- 
60 msec at the same time that the hippocampal 
response disappears In the olfactory tubercule 
and in the more cranial prepiriform cortex, however, 
the secondary responses merease in latency to about 
20 msec, but may persist indefinitely with con- 
tinued stimulation The secondary responses are 
negative m polarity dorsal to the pyramidal cell 
bodies (where the primary response 18 positive), and 
reduced in amplitude but still mamly negative m 
polarity ventrally where the primary response is 
negative 

After recordings had been made at each placement, 
stimulation was applied to the needle electrode in the 
prepiriform cortex and further recordings made from 
the hippocampus It was found that a large hippo- 
campal response ean often be elicited by single shock 
stimulation of the prepiriform cortex at mtervals of 
not less than 1-2 min With more rapid repetitive 
stimulation a hippocampal response was obtamed 
only after many stimul had been apphed, the 
number mereasing at more cranial placements of the 
stimulating electrode The hippocampal response to 
stimulation at the more cranial placements gradually 
increased in latency and eventually disappeared, but 
stimulation in the more caudal prepiriform cortex 
elicited earlier hippocampal responses which persisted 
indefinitely with continued stimulation 

The primary responses 1n the prepiriform cortex to 
single shock stmmulation of the lateral tract or the 
medial radiation were unchanged when the stimula- 
tion was made repetitive until the secondary responses 
appeared m the piriform lobe and hippocampus At 
this instant the primary response was slightly reduced, 
and with continued stimulation the primary response 
progressively decreased to about a third of the mitial 
amplitude at cranial positions of recording, or about 
a tenth of the mitial amplitude m the periamygdaloid 
cortex When the hippocampal response disappeared 
the primary response partially recovered, but com- 
plete recovery never occurred during continued 
stimulation Complete recovery required. at least 
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40 sec without stimulation This inhibition. of the 
primary response took place without apparent change 
of latency and was not due to hippocampal activity, 
since 1t was unaffected by section of the fornix and 
angular tract 

The mhibition of the primary response increases 
at more caudal positions of recording, and so does 
the amount by which the latency of the secondary 
response can increase These results suggest that the 
olfactory mmpulses are relayed through many neurones 
in the prepmform cortex towards the ventral hippo- 
campus, and that both excitatory and mhibitory 
connexions are activated It was found that when 
small lesions were made in the prepiriform cortex, 
degenerating axons could afterwards be traced 
caudally by the Nauta-Gygax techmque Many of 
these axons end m the prepiriform cortex, but others 
continue in layer 1 through the entorhinal cortex 
to the subiculum of the ventral hippocampus It 
will be of interest to see whether the remarkable 
changes of latency that occur m transmission through 
the prepiriform cortex are common to other systems 
in which multiple short and long connexions are made 
A specific relationship of the hippocampus to the 
olfactory system 1s unexpected”, for the spontaneous 
electrical rhythms of the hippocampus can be 
changed by afferent impulses of any modahty" 
The specificity of the large hippocampal responses m 
the rabbit to olfactory stimulation may be a quantita- 
tive effect due to the relative numbers of afferent 
impulses reaching the hippocampus from different 
sources, and must be tested m other species of 
mammals 


1 Olark, W E Le Gros, and Meyer, M , Brawn, 70, 304 (1047) 
2? Meyer, M ,and Alison, A C ,J Neurol Psychiat , 19,274 (1949) 


?Fox,C A , McKinley, W A , and Magoun, H W ,J Neurophysol , 
7, 1 (1944) 


*Kaada, B R , Acta Physnol Scand , 24, Supp 83 (1951) 
® Rose, J E,and Woolsey, C N , Fed Proc , 2, 42 (1943) 


"Berry, © M , Hagamen, W D , and Hinsey, J C ,J. Neurophysiol , 
15, 139 (1952) 


7 Cragg, B G , Nature, 182, 675 (1958) 


8 Cajal, S Ramon y, "Studies on the Cerebral Cortex — Limbic 
Structures” Transl L M Kraft (Lloyd-Luke, London, 1955) 


? Brodal, A , Bram, 70, 179 (1947) 
10 Powell T P S8, Rec Prog Psychut , 8, 54 (1958) 
u Green, J D, and Ardum,A A , J Neurophysiol , 17, 533 (1954) 


ACCUMULATION OF RADIOACTIVE IODINE IN THYROID 
GLANDS SUBSEQUENT TO NUCLEAR WEAPON TESTS 
AND THE ACCIDENT AT WINDSCALE 


By Dra HAMISH A ROBERTSON and IAN R FALCONER 


Division of Agricultural Biochemistry, Department of Biological Chemistry, 
University of Aberdeen 


HE changes ın thyroidal content of 10dme-131 

m grazing ammals due to nuclear weapon tests 
have been shown to be a sensitive method of detecting 
fall-out of 1odine-131 (refs 1-5) Fiom ther observa- 
tions that a sumilar concentiation of iodme-131 was 
found m all thyroid glands tested, irrespective of 
whether they were from carnivores or from herbi- 
vores, Gunther and Jones? tentatively concluded that 
the 10dine-131 had been absorbed by these animals 
through the lungs, havmg been inhaled as an aerosol 


Doubt was shed on this suggestion by the results of 
Van Maddlesworth?, who showed that the concen- 
taton of 10dine-131 m human thyroids was never 
more than 0 8 per cent of the maximum observed m 
cattle "This suggested, 1n so far as the grazing animal 
is concerned, that the ahmentary tract may be the 
main route of entry of 1odme-131 This was con- 
firmed by Marston’, who found very httle or no 
10dine-131 in the thyroid gland of cats, dogs and rats 
at a time when the concentration of 1odme-13] in 
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herbivora grazing on pasture in the same region was 
high Stall-fed sheep had an activity of less than 
0 1 per cent of the activity of grazmg sheep 

In this report, values for the 10dine-131 content of 
the thyroids of sheep grazing ın north-east Scotland 
are given ‘These values cover the period November 
1957-July 1959 Values for deer thyroid glands fiom 
north-east and from north-west Scotland and for 
human thyroids from the London area have been 
obtamed durmg the period December 1958—March 
1959 Shortly after the accidental release of 1odme- 
131 from Windseale No 1 pile on October 10, 1957, 
sheep thyroid glands were obtained from the Cumber- 
land area durmg the period October 1957~March 1958 

All the measurements of activity reported were 
made using a commercial scintillation detector fitted 
with a 24-m well-type crystal By the addition of 
an extra 2 m of lead to the top and sides of the 
detector, the background radiation count was 
reduced to approximately 500 counts per 100 sec 
When the detector was calibrated with a standard 
10dme-131 solution, 15 was found that 5 0 x 1071? e 
gave a count-rate sufficiently high to be statistically 
greater than background, at 95 per cent probability 
All estimates made were determined by measuring 
the time taken for 10,000 counts , hence the standard 
deviation of all counts will be constant 

An mutial sample of sheep thyroid glands was 
collected at local abattows from sheep of known 
origin, trimmed free of connective tissue, weighed, 
homogenized and the count-rate determined on both 
lobes separately These thyroids were recounted at 
weekly intervals over a period of a month The half- 
life of the gamma-activity was found to be 8 0 + 0 1 
days and the decay curve, plotting the logarithm of 
activity against time, was linear and parallel to that 
of pure 10dine-131 It was found that the presence 
of muscle tissue did not significantly affect the 
counter calibration with reference to 10dme-131, so 
that the thyroid content of 1odme-131 could be 
accurately expressed m absolute units, that 15, curies 
All results are expressed in terms of 10dine-131 
content per gram of fresh weight of thyroid tissue 
All values are corrected to tame of slaughter <A 
statistical analysis of the 10dine-181 content of the 
right and of the left lobe revealed that no difference 
existed between them (P = 95 percent) Afterwards, 
only one lobe was collected from each animal sampled 

In order to compare the effect of locahty within 
the general region of north-east Scotland, groups of 
approxunately ten lobes were collected from three 
batches of sheep from different areas slaughtered on 
the same day and the 10dine-131 content determined 

The results were 


Fyvie 2 91 +0 28 x 107!* e /gm (8 animals) 
Oldmeldrum 214-012 x107*c/mm (10 Erie 
Banff 3 34 +0 84 x 1071?c fam (10 animals 


Overall mean 279 = 0 32 x 1071 /gm (28 animals) 


There 1s no significant difference between these 
groups (0 2<P<0 3) 

It should be noted that these localities he more on 
the coastal belt of north-east Scotland rather than 
in the more mountaimous hinterland This general 
area, from which the majority of the values to be 
reported were obtamed, has a farly uniformly 
distributed rainfall of approximately 30 m a year 
The main advantage in drawmg samples from this 
area 1s that i6 1s possible to obtam these samples at 
regular intervals throughout the year This 1s not 
the case with animals from the more mountamous 
areas with higher ramfall Tho majority of the 
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flocks sampled were from localities at least ten mules 
distant from the sea In this region the prevailmg 
wind 18 south-westerly and therefore off-shore The 
possibility of sea spray depositing non-radioactive 
iodine on the pasture durmg m-shore winds is not 
considered to have materially affected the results 
obtained 

At certam times of the year ıt was only possible to 
obtam the thyroid lobes from fat lambs It was 
therefore necessary to carry out a comparison between 
the activity of ewe and lamb thyroid glands The 
results for one such comparison is given below 

Ewe thyroid activity 4214035 x 107: 0/gm (16 animals 

Lamb thyroid activity 7144064 x 1079 c /gm (8 animals 

Overall mean 52 +0 42 x 107 c /gm 

The mean for the activity of the lamb thyroids 1s 
significantly higher than that for-the ewe (P < 0 01) 
"From other experiments carried out m this laboratory 
on the thyroid activity ın ewes and lambs, ıt would 
appear that the difference between the iodie-131 
content of ther thyroids wil vary according to 
whether the measurement 1s made durmg a period of 
accumulation due to recent fall-out of 1odme-131 or 
durmg a period when the 10dine-131 in the pasture 
is decreasing The lambs, having more active thyroids 
than the mature ewes, would accumulate fall-out 
moie rapidly than older animals and also excrete 
iodime moie rapidly The maximum difference 19 
likely to be relatively small, considermg that the 
overall magnitude of change encountered is of the 
order of one thousand times 

In order to obtain some information on what 
proportion of the thyroid content of 10dine-131 could 
be attributed to absorption through the lungs and 
mgestion from drmking water, 16 wethers were 
randomly selected from a flock durmg a period of 
relatively low activity, namely, January 1958 Of 
these animals a group of 8 was brought mdoors, 
where they were kept until slaughter m May 1958, 
that is, some five months later Durmg this period 
they were fed on hay and oats harvested durmg the 
previous season and kept under cover to preclude 
contamination by direct fall-out The remamng 
8 animals were allowed to iun on normal pasture 
until slaughter Both groups of animals were killed 
m May 1958 at a tame when thyroidal activity due to 
fall-out m the groups of sheep was known to be high 
The aetivity found m the thyroid glands of thes 
two groups was 7 

Stall-fed animals 156422 x 10756 gm 
Graznganimals 2 25 +013 x 10-? c /gm 

The values found for the stall-fed animals are 
significantly higher than the mmuimal detectable level 
and higher than some values obtained from sheep on 
free grazing during othe: periods, suggesting that the 
stall-fed animals had been exposed to 1odine-131 by 
inhalation and fiom drinking water The hundredfold 
difference m these values suggests that m so far as 
the sheep 1s concerned, the main source of thyroidal 
1odine-131 ıs contaminated pasture, something of the 
order of 05 per cent arising from inhalation and 
drinking water 

Having established the validity of the counting and 
sampling techniques, arrangements were made to 
carry out regular determmations at approximately 
fourteen-day intervals The values obtaimed are 

"presented m Fig 1, which meludes histograms 

mdicating the frequency and number of atomic 
weapon tests and the distribution of ramfall 

From the graph ıt can be seen that the mununal 
detectable level of 5 x 10-!? e /gm ıs reached 2-3 
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Superimposed on the uppe: graphs between September 1958 and February 1959 is the :odme-131 
content of deer thyroids collected ın north-western Scotland (broken Ime) 


months after a test series This is in keeping with a 
half-life of approximately 7 days for 10odme-131 m 
the thyroid of sheep This value of 7 days takes 
account of both the biological and the physical half-hfe 
of 10dine-131 in the thyroid 

Tt has been supposed that only tests carried out m 
the northern hemisphere would influence 10dme-131 
levels m this area However, ıt is not possible to 
relate the inereased level found between July and 
September 1958 with any known northern hemisphere 
test immediately prior to this period The Russian 
series of tests which commenced on February 23 
ended on March 21 and did not commence agam until 
September 30 All the American and British tests 
durmg the period April 28-August 12 were carried 
out m the southern hemisphere It would appear, 
therefore, that either some unknown release of 1odine- 
131 mto the atmosphere took place m the northern 
hemisphere during this time, or that the debris from 
tests m the southern hemisphere had been detected 
in this area 

Towards the end of 1958 arrangements were made 
to obtam deer thyroids from both north-east and 
north-west Scotland The values obtained from these 
two areas agreed very closely, but since more regular 
samples were obtamed from the north-west, only the 


Variation in thyroid 1odine-131 content of sheep in the north-east of Scotland durmg 
November 1957-July 1959 with histograms indicating the frequency of nuclear detonations mn 
the northern hemisphere and the rainfall Nuclear detonations are indicated as 
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values for this area aie 
shown (Fig 1) Although 
the vaiabilty and stan- 
dard error are higher for 
the deer measurements, 
due in most cases to small 
numbers in the samples, 15 
would appear that the 
pattern for sheep and for 
deer is very similar 

During the pemod Dec- 
ember 1958-January 1959, 
human thyroid glands ob- 
tained at post-mortem m 
the London area had a 
mean value of 1 45 + 0 37 
X 107: e [gm (10 mdv- 
iduals) which 1s approx- 
unately 1 per cent of the 
value found ım the lobes of 
sheep duung this period 
Since this occurred at a 
season of the year when 
fresh vegetables would be 
scarce, and milkmg cows 
would be fed mainly on 
Stored fodder, 1t 18 sugges- 
tive, when compared with 
the stall-fed sheep exper- 
ment, that inhalation of 
iodine-131 by the lungs 
together with 31odme-131 
absorbed from drinking 
water represented ın the 
adult human the majo 
route of entry of 10dme-131 
durmg this period The 
number of human thyroids 
sampled at any particular 
period was too small to 
obtam accurate mforma- 
tion iegarding how the 
10dyne-131 content of the 
human thyroids was chang- 
ing with time in relation 
to the 1odine-131 content of the sheep thyroids 

Calculations of radiation dosage to the thyroids 
due to both B- and y-emissions from iodine-131 have 
been made These aie based on 8 calculated radiation 
dosage of 11 2 rads per day per luc In tbe Aberdeen 
area durmg January l-December 31, 1958, the 
ealeulated radiation dose to the thyroid glands of 
local sheep was 3 0 rads  Durmg the period Decem- 
ber 15, 1958-January 15, 1959, which 1s approxi- 
mately six weeks after a series of twenty-nine atomic 
and hydiogen explosions m the northern hemisphere, 
the thyroid radiation dose due to iodime-131 has 
been calculated foi sheep from north-east Scotland, 
deer from north-west Scotland and fo: humans from 
the London area ‘These values are 
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Sheep 0 32 rad 
Deer 0 31 rai 
Human 5 9 x 107 rad 


It must^be emphasized that since the number of 
human thyroids sampled was small the value 
calculated for the human cannot be taken as more 
than an approximation 

Sheep thyroid glands were collected 1n the Wmd- 
scale area following the reactor meident on October 10, 
1957 During the period October 26, 1957—March 13, 
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1958, thyroid glands were obtained from 77 sheep 
The first sample was from sheep killed on October 26, 
by which time the shorter lived isotopes of 1odine 
would have decayed away Half-hfe determmations 
were done on the gamma-activity of the thyroids, 
the half-hfe bemg 8 1 days and the logarithmic 
decay curve hnear with time A fairly wide scatter 
of values was obtamed due to the sheep sampled 
commg from farms m different directions and dis- 
tances fiom the Windseale pile 

The highest values obtained were from four sheep 
killed on November 10, that ıs, 31 days after the 
release These animals had been obtained from two 
neighbouring farms situated 3,000 and 5,000 yd 
respectively south-south-east of Windscale This was 
within the area of maximum deposition? Their 
thyroids had a value of 2 0 + 0 03 x 10-* c 10dine- 
131 per gm Further samples were obtained from 
this locality on November 27, 1 5 x 107* c per gm 
(2 animals), and on March 13, 1958, when & value of 
2 2 +043 x 10?* e pe gm (14 animals) was 
obtained These tbiee values gave a good fit to an 
exponential cuve of half-hfe 73 days This com- 
pares with a mean half-hfe of 7 0 days (18 animals) 
obtamed expermnentally m this laboratory 

An attempt has been made to obtain an approxi- 
mate value for the radiation dose recerved by the 
thyroids of the sheep in the above locality Exper- 
ments carried out m this laboratory have shown that, 
followmg the admmustration of a smgle dose of 
1odine-131 to sheep, the maximum activity m them 
glands is attained at a mean of 3 7 days (20 animals) 
A value of four days has therefore been taken as the 
shortest tıme to reach maximum activity m the 
thyroids of the Windscale sheep This of course 
erroneously assumes that all the activity 1s washed 
off the pasture by ram after the first day Under 
ideal conditions, that 1s, when no activity 1s lost 
from the pasture other than by physical decay, the 
accumulation of iodine-131 m an animal would 
follow the equation 


X = X exp (— t) 
where X is 10dime-131 ın the thyroid at time t; 
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X, 18 1odine-131 originally deposited on the amount 
of fodder eaten ma day by an ammal, decay con- 
stant of 10dine-131, 0 0866 

This equation gives a maximum value when 

= 12 days A value of 12 days has therefore been 
taken as the longest time required to reach maximum 
activity m the thyioids of the Windscale sheep An 
exponential curve of half-hfe 7 3 days was drawn 
through the observed pomts and the radiation dose 
to the thyroid calculated over a period of three 
months following the release Assuming the time of 
peak activity of the glands to be four days after 
release, the radiation dose to the thyroid gland is 
approximately 4,500 rads, and assummg a peak 
activity at 12 days the dose is approximately 
2,800 rads It ıs thought that a value between 
3,000-4 500 rads represents a fair estimate of the 
iadiation dose received by the thyroids of these 
animals It can be calculated from the activity of 
the sheep thyioids m the Aberdeen area over this 
three-month period that only 15 rads can be 
attributed to fall-out 

Little mformation ıs available regarding the 
radiation dose required to produce abnormalities m 
Sheep thyroid glands The experments of Bustad 
et al’ suggest that changes m thyroid activity occur 
followmg the administration of a radiation dose of 
5,000 rads over & period of six months 

This mvestigation was made possible by a grant 
to one of us (H A R) from the Medical Research. 
Council We are mdebted to Dr E E Pochm for 
obtamung the human thyroids, to N Craig for the 
Windscale sheep thyroids and to D J MacPherson 
and D M. Dowell for the deer thyroids 
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FORMATION OF DIFFERENT CELL-VIRUS RELATIONSHIPS IN 
TUMOUR CELLS INDUCED BY POLYOMA 


By Dr LEO SACHS and ERNEST WINOCOUR 


Department of Experimental Biology, Weizmann Institute of Science, Rehovoth, Israel 


HE polyoma virus can induce tumours in mice, 

hamsters, rats and rabbits!i- With the develop- 
ment of a plaque assay for this virus*, 15 has become 
possible to undertake quantitative studies on cell-virus 
relationships and to produce genetically pure lines of 
virus The use of such lines has shown that single- 
plaque isolates can induce multiple tumours m different 
species (ref 5 and unpublished work) An experi- 
mental system is thus available for the study of a 
variety of mammalian tumours mduced by the same 
virus, and the present article 1s concerned with 
experiments that demonstrate the existence of 
strikingly different cell-virus relationships m different 
tumours mduced by polyoma 


The plaque assay, and hemagglutmation, were 
carried out as previously reported’. The growth 
medium for cell cultures consisted of 0 5 per cent 
lactalbumin. hydrolysate m Earle's salme and 20 per 
cent horse serum 

In the first experiment, release of virus from seven 
mouse tumours mduced in six mice (4 parotid 
tumours, 2 mammary adenomas and 1 ludney 
sarcoma) was determined by placmg the cells m 
culture and testing the hemagglutination titres of 
the culture flud at various intervals For each 
tumour, 5 x 10° tumour cells dispersed in trypsin 
were plated in 50-mm Petri dishes with 4 ml of 
culture medium, and the entire medium was changed, 
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—— 3 PAROTID TUMOR 
— —7 * MAMMARY ADENOMA 
Mem * KIDNEY SARCOMA 


HEMAGGLUTINATION TITER/ML 





DAYS IN CULTURE 


Fig 1 Release of virus from mouse tumour cells in culture 
The results are expressed as cumulative hemagglutination titres 
per ml of tissue culture fus AE od 2, (b) MP6, (c) MP3, 


and tested for hemagglutmation titre, on the days 
shown as pomts on the curves (Fig 1) The titre 
obtained on a particular day has been added to the 
total of the previous titres, and the results are 
expressed as cumulative titres per mullilitre of 
culture fluid Titres less than 64 per ml were not 
added to the cumulative results, smce these were 
equivalent to the control value found for normal 
tissue culture fluid 

The results (Fig 1) show that the release of virus 
in these cultures varies considerably even in different 
tumours of the same type The histology of the 
tumours and the appearance of the cells m culture 
make it unlikely that these differences in release of 
virus are merely due to possible differences m the 
proportion of normal cells in the various tumours 

The results m Fig 1 also mdicate that m all the 
mouse tumours tested there was a ‘lag’ period before 
high hemagglutination titres were obtamed from 
the cells in culture, and that the length of this ‘lag’ 
period varied m different tumours Since extracts 
of mouse tumours contam heat-labile mhibibors and 
high antibody titres®, tests were made for the presence 
of inhibitors and antibodies durmg the ‘lag’ period 
These tests all gave negative results, so that differ- 
ences ın the ‘lag’ period may be due to difference in 
rates of synthesis of virus and/or 1elease of virus 

In order to determine the proportion of cells that 
release virus, cells from three parotid tumours, 
MP 10, MP 11 and MP 4, were plated on mouse 
embryo monolayers (MP 4 when plated alone gave 
hemagglutination titres of 1,024—2,048 per ml a day, 
from the second day in culture, and MP 10 a titre 
of 512 ml durmg a three-day period from the second 
to the fifth day in culture) The proportion of cells 
releasing virus was determmed by the relationship 
between the number of tumour cells plated and the 
number of plaques The results (Table 1) show that 
one of the factors m the difference in release of virus 
from cultures of these tumours can be a difference 
in the proportion of cells that release virus 

Mouse tumours can thus release variable but con- 
siderable amounts of virus In a total of sixteen 
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Table 1 PROPORTION OY CELLS RELEASING VIRUS IN MOUSE PAROTID 
DURS 





No of tumour Average 
No of | Cellsreleas- 





Tumour | cellsseeded | No of plates 
per plate plaques ing virus 
MP 4 125 5 101 lin~l 
MP 10 400 2 98 liná4 
1,200 3 2 
MP11 6,000 8 8 11n 600- 
,000 3- 28 11n 1,000 





tumours tested, from fifteen mice, virus was obtained 
from every tumour This 1s not the case m tumours 
induced by polyoma in other species 

The sarcomas induced m hamsters, and the fibromas 
(that eventually regress) mduced m rabbits, are hard. 
tissues, and good cell suspensions have so far not 
been obtamed from them Fourteen tumours from 
ten hamsters (7 subcutaneous sarcomas, 3 kidney 
sarcomas, and 4 heart sarcomas) have been tested 
for release of virus by placmg minced pieces of 
tissue in Petr: dishes either by themselves or on 
normal mouse embiyo monolayers No hem- 
agglutmation titres higher than the control value for 
normal tissue culture fluid were found m the flud 
of any of these cultures after 13 days, and second- 
passage cultures of six of these tumours have also 
given no hemagglutmation titres after 14 days The 
fluids from eight tumours cultured for 13 days on 
mouse embryo monolayers were tested by the plaque 
assay, and of these seven gave no plaques, and one, 
a subcutaneous sarcoma, gave 180 plaque-forming 
units per ml during a release period of six days. 
In the fourteen hamster tumours tested there was 
thus no, or almost no, release of virus from the 
tumour cells The release of infectious virus 13 thus 
not necessary for the mamtenance of malignancy 

Two rabbit fibromas from two rabbits were studied 
by placing mmced pieces of tumour on mouse embryo 
monolayers One tumour gave no hemagglutination 
titre even after a second and a third passage of 
14 days each The other tumour gave no hem- 
agglutmation titre m the first passage of 14 days, 
and a titre of 64 after 11 days m the second passage. 
The virus isolated from this rabbit has produced 
tumours ın hamsters 

In rats, polyoma mduces a high frequency of kidney 
sarcomas, especially after intracerebral inoculation, 
and these tumours give good cell suspensions by 
trypsmuzation As with mice, 5 x 10° tumour cells 
were seeded with 4 ml of medium, and the results 
for release of virus from fom rat kidney sarcomas 
from four rats, cultured for periods ranging from 
9 to 21 days, are shown m Table 2 No significant 
hemagglutination titres were obtamed in any of 
these cultures, and a plaque assay of the culture 
fuds has shown that at various times there was 
either no, or very low, release of virus In contrast. 
to a titre of 2 8 x 10° plaque-forming units per ml. 
during a release period of 2 days obtamed from 
mouse kidney sarcoma cells, the highest titre ob- 
tamed from the rat kidney sarcoma cells was 


Table 2 RELEASE OF VIRUS FROM Rat KIDNEY Sarcoma CELLS 








IN CULTURR 
Total plaque-forming units Release period 
Tumour perm. (days 
REI 20 9 
RK 2 160 13 
AKà 90 17 
RE4 640 21 
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6 x 10? plaque-forming units per ml during a release 
period of 3 days Tests for inhibitors and anti- 
bodies ın the rat culture fluids (and m the fluids 
from hamsters and rabbits) all gave negative results 
Virus isolated from the rat sarcomas has produced 
tumours in hamsters 

Rat sarcoma RK 2 was further tested by de- 
termming the numbers of plaques pioduced by 
tumour cells placed on mouse embryo monolayers 
(4 plates per cell dilution) No plaques were ob- 
tamed even with an inoculum of 10,000 cells Thus 
a very small proportion of cells m the rat tumours 
(less than 1 m 10,000 m RK 2) release virus It 
should be mentioned that «n vtro infection of normal 
monolayers has shown that m contrast to the high 
rate of virus multypheation in mouse tissues, there 
appears to be no, or very little, multipheation of 
the same virus stock m monolayers of hamster, rat 
and rabbit cells 

The above experiments show that a genetically 
homogeneous Ime of polyoma virus can induce the 
formation of various tumours with different rates of 
release of virus, and m some tumours no release at 
all It 1s significant that both for the Rous sarcoma’ 
and for the Shope papilloma virus? ıt has also been 
shown that ıt ıs possible to induce either tumours 
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from which vnus can be readily recovered or tumours 
fiom which httle or no virus can be extracted The 
possibility of virus mduction from a pro-virus state, 
the existence of immunity to super-mfection, and the 
behaviour of smgle-cell clones of tumour cells re- 
leasmg virus and not releasing virus 1s being studied 
For such investigations the polyoma virus provides 
an unusually favourable system, gnee a plaque assay 
for the virus has been developed (the existence of 
noninfectious incomplete particles can. be determined 
by hemagglutmation), and tumour cells with widely 
different cell-virus relationships, can be readily and 
regularly established and studied in culture 

We are indebted to the Winfield Bard Foundation 
for a grant m support of this work 
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EXPERIMENTAL DEMONSTRATION OF AN INTERNAL RHYTHM OF 
REPRODUCTION IN A TRANS-EQUATORIAL MIGRANT (THE 
SHORT-TAILED SHEARWATER PUFFINUS TENUIROSTRIS) 


By Dr. A J MARSHALL 


Department of Zoology and Comparative Anatomy, 
St Bartholomew’s Hospital Medical College, 
University of London 


HE trans-equatorial migration of the short-tailed 
shearwater or Australian ‘mutton-bird’ has been 
described and mapped by Serventy! (Fig 1) Marshall 
and Serventy? further showed that the migratory 
flocks regularly leave ther southern Austrahan 
breeding islands in April (autumn) at a time when 
ther principal food—euphausian plankton—remaans 
abundant, and when sea temperatures are still higher 
than at the November period of ovulation It was 
concluded that the post-nuptial northern journey via 
Japan to the Aleutian and South Arctic contra- 
nuptial (‘wintering’) areas is probably in obedience to 
an inherent internal rhythm 
When the millions of birds first make their landfall 
at the breeding islands in the last week in September 
(spring) gametogenesis ig already well advanced 
The testes contain bunched spermatozoa There is 
no doubt that both the sprmg sexual cycle and the 
southern journey are mitiated under conditions of 
decreasing day-length while the birds are still north 
of the equator However, the astonishing regularity 
of ther Austrahan landfall and subsequent egg- 
laymg (November 19-21 and the following 12 days) 
seemed to suggest that the nuptial journey must be 
‘tamed’ by some astronomical constant, possibly 
decreasing day-lengths No obvious periodic changes 
that might operate as precise ‘timmy’ factors were 
observed in the breedmg area 


AND 


Da D L SERVENTY 


Commonwealth Scientific and Industrial Research, 
Organization, Western Australia Regional Labor- 
atory, University of Western Australia, Perth 


P tenuwostris, m common with certam other long- 
distance migratory shearwaters, moults on the head 
and body shortly after egg-laying, but delays the 
replacement of rts wing and tail quills until the 
completion of the exactimg journey across the 
equator? Like most other migrants the species lays 
down massive deposits of subcutaneous and periton- 
eal fat before migration 

The primary purpose of the present mvestigations 
was to try to determine whether decreasing day- 
length, or internal rhythm, controls the sexual cycle 
(and possibly, therefore, the migration) Secondly, 
16 was desired to discover whether the peculiar moult 
rhythm would persist under varying stimuli Thirdly, 
1b was considered valuable to record the degree of 
fat deposition under such varying conditions m 
captivity 

A group of breedmg adults was caught m the 
Fuineaux group of islands in north-east Tasmania 
(lat 40° 12’ S) just before the begmnimg of the 
northward migration of 1957 They were sent by air 
to the Commonwealth Scientific and Industrial 
Research Organization Regional Laboratory at 
Perth, Western Australa (lat 32° S), and held in 
captivity for several months durmg the period they 
would normally spend m the North Pacific (see Fig 1) 
It was found that after some initial losses those 
essentially plankton feeders could be maintained on a 
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Tig 1 Generalized migiation route of Pujfmus temurostris 

The rings indicate localities of collected specimens Arrows 

indicate the direction of migration The breeding area is shown 
by means of parallel lines 


diet of shced fish Experiments were conducted 
durmg two successive years 


Observations tn 1957 


The birds were divided into two groups of 15 
individuals each The first lot was placed under a 
changmg hght regime apprioximating the day-lengths 
to which travellmg wild migrants should be exposed, 
except that the total period was telescoped by half 
Thus, whereas the migrating flocks leave the breeding 
islands about mud-Apid and arrive back late in 
September, the artificial photo-periods 1n this experi- 
ment (successively equallmg those of the equator, 
Japan, the Aleutians, the equator and finally the 
breeding localities) were so adjusted that the normal 
day-length of September 27 was reached on June 27 

The second group of birds was held under natural 
Perth daylight (which 1s longer at the June solstice 
by about an hour than at the breeding islands used 
by the species but almost 10 hı shorter than at the 
Aleutians) Some of the birds from both cages were 
killed on June 27 The photostimulation experiment 
was then terminated and the survivors of both 
groups held in company, unde: ordmary Perth day- 
light, until September 29 

(a) Gonad condition on June 27 Despite the strik- 
ing differences in the light regimes of the two groups 
of birds, there was no detectable difference in then 
gonads Males of both groups showed some vay 
shght advancement from the April condition and 
those that died durmg the first fortnight of the 
experiment Thus, the seminiferous tubules of some 
birds contained up to three rows of spermatogoma 
The diameter of ovarian oocytes in the single female 
killed was shghtly geater than the April condition 

(b) Gonad condition on September 29 Four bmds 
survived to this date Of three males, one (originally 
from the photo-stimulated group) contamed sperm- 
atozoa m some seminiferous tubules Of the other 
two males (originally from the natural day-length 
cage) one was even more advanced, having bunched 
spermatozoa The third male contamed numerous 
primary spermatocytes m mitosis and a few secondary 
spermatocytes The overall size of gonad was shghtly, 
but definitely, smaller than normal wild birds at 
the corresponding time A surviving female (origm- 
ally from the photo-stimulated group) had the 
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diamete: of the largest oocyte measurmg 3 1 mm, 
that 15, within the range of normal wild birds at the 
time of land-fall 

It was clear, then, that alteration of photo- 
periodicity, m the manner conducted m the experi- 
ment, had no great effect on the captive shearwaters 
The birds—both experimental and control-——that 
were allowed to survive came rhythmically mto a 
sexual condition only a little less advanced than 
that of the wild population by the date that the latter 
completed them trans-equatorial migiation around 
the Pacific 


Observations in 1958 


The experiment was repeated with newly caught 
adults fiom the same breeding stations Agam. they 
were divided into two gioups Half as before were 
kept unde: conditions of natural Perth dayhght The 
other half were ietamed under a constant 12 hı 
ilummation This 1s the day-length at the breeding 
islands about the time of the exodus migration 
This year birds were held until the period of normal 
landfall, when the survivors were killed and dissected 
on September 29 Three males and three females 
survived in the artificially lighted cage and seven 
males and two females in the natural hght enclosure 

Again there was no appreciable difference m the 
sexual condition between the buds in the two cages 
As before, all birds showed some gonad modification, 
and in some individuals testis development had 
almost, but not quite, reached the stage attamed by 
normal wild birds at the correspondmg time Fow 
out of the ten males had produced spermatozoa, and 
the 1emainde: contamed primary and sometimes 
secondary spermatocytes The range of overall size 
reached that of the wild population, but the mean 
size was significantly below ıt Ovarian development 
was also slightly advanced and the largest diameters 
of oocytes (mean, 2 1 mm ) were slightly inferior to 
them m normal birds at the corresponding stage 

Wing and tail moult began in late June and July, 
but the moult was protracted and its completion 
retarded by compaiison with that of wild birds 
Both groups of captives put on appreciable depot fat 
(corresponding to ‘pre-migratory’ fat) from mid- 
August onwaids, reaching a maximum ın early 
September The weight trends were identical in the 
two groups 


In summary, these investigations show that in this 
migratory shearwater the breeding rhythm 1s passt- 
ent at least fo. one year after the animal 1s taken 
out of its normal environment and exposed to 
external influences (photo-period, temperature, food 
and habitat) exceedingly different from normal 
Although gametogenesis, wing moult, and pre-migia- 
tory fat deposition took place unde: these conditions 
at approximately the normal periods, there was 
neveitheless 1n some individuals a considerable 
asymmetry of the semuniferous tubules and a pro- 
nounced retardation of spermatogenesis that ıs 
never encountered in the wild population This 
suggests that internal events were tending to drift 
out of phase with the external envuonment and that 
essential (as yet undetermuned) exteinal influences, 
possibly meluding behaviour, were lackmg 

The experiments are continuing 
!Serventy, D L , Proc Seventh Pacific Sc Cong , 4, 394 (1956) 

? Marshall, A J , and Serventy, D L, Proce Zool Soc Lond , 197, 
489 (1957) 
? Marshall, A J , and Serventy, D L , Nature, 177, 943 (1957) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, December 14 


INSTITUTION OF ELEOTRICAL ENGINEERS (at Savoy Place, London, 
W 02), at 530 pm -—Discussion on "Why Hi-Fi ?", opened by Mr 
P P Eckersley 


SocrEgTY OF CAFMIGAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8 W 1), at 580 p m-—Mr P B Cornwell ‘ Insect 
Control by Gamma Irradiation’ 


ROYAL GEOGRiíiPHICAL SocrETY (at 1 Kensington Gore, London, 
$W'7) at 830 p m-—Baron G de Goilache de Gomery “The 
Belgian Antarctic Expedition" 


Tuesday, December [5 


INSTITUTE OF MARINE ENGINEERS (at the Memorial Building, 76 
Mark Lane, London, E C 3), at 580 pm —Mr K Maddocks "Some 
Aspects of Marine Reactor Security” 

INSTITUTE OF PHYSICS (at 47 Belgrave Square, London, S W 1), at 
530 pm—Mr K Q Freeman “Tubes for Colour Television” 

INSTITUTION OF HLECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W C 2), at 530 pm— 
Discussion on ' Data Handling Problems in Atomic Installations", 
opened by Dr D Taylor 


Wednesday, December 16 


POWDER MXTALLURGY JOINT GROUP OF THE IRON AND STEEL 
INSTITUTE AND THE INSTITUTE OF METALS (in the Hoare Memorial 
Hall, Chuich House, Great Smith Street, London, S W 1), at 9 30 a m 
— Symposium on ‘ The Powder Metallurgy of Magnetic Materials" 

GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1), at 6 p m —Prof P B Ackermann and Prof F Walker 
“Vitrification of Arkose by Doletite near Hebron, Orange Free State” 

ROYAL METEOROLOGICAL SOCIETY (at 40 Cromwell Road, London, 
Sw 7), at 5 pm-—D1 H Wexler “Seasonal and other Tempera- 
ture Changes in the Antarctic Atmosphere", Mr W Hitschfeld 
“Patterns of Hailstoims m Alberta” 

BOYAL STATISTICAL Soctery (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, WC 1), 
at 515 pm-—Sir Hugh Beaver, KBE “Statistics as a Tool of 
Management” (Presidential Address) 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W 1), at 530 pm Mr A C Hartley ‘Pipelines’ 

INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westmmster, London, S W 1), at 6 pm—Dr S G Hooker “The 
Future of Air Breathing Engines m Aviation” (James Clayton Lecture) 

SOCIETY OF CHFWICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
square, London, S W 1), at 6 p m ——Discussion of Research Papers 
recently published by Members of the Group 

SoorETY FOR ANALYTICAL ÜREMISTRY, MICROCHEWISTRY GROUP 
(at "The Feathers”, Tudor Street, London, E O5), at 630 pm — 
Discussion on "Appleations of the Flask Combustion” opened by 
Miss M Coine: and Mr O B Dennis 

SOCIETY Ol INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W 1), at 7 p m -—-Mr J F Coales “Random 
Inputs and Load Variations” 


Thursday, December 17 


BRITISH COMPUTER SOCIETY, LONDON BRANCH (at the Northampton 
College of Advanced Technology, St John Street, London, E C 1), at 
2 30 p m —Duscussion on “Conversion between Analogue and Digital 
Representation" 


SoorgTY OF OHEMIOAL INDUSTRY, ROAD AND BUILDING MATPRIALS 
GROUP (at 14 Belgrave Square, London, 5 W 1), at 230 pm and 
530 p m —Seientific Papers 

INSTITUTION OF MINING AND METALLURGY (at the Geological 
society, Burlington House, Piccadilly, London, W 1) at 5 pm — 
Dr A J Robmson ‘ Relationship Between Particle Size and Collector 
Concentration" Mr D Borchers ‘Deepening of No 1 Vertical 
Shaft at Premier (Transvaal) Diamond Mining Co, Led” 

LONDON MATHEMATICAL Society (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W 1) at 5 pm —Prof 
E V Schenkman ‘“Supersolvable Groups” 

INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION Discussion 
CIRCLE (at Savoy Place, London, W C 2), at 6 p m — Discussion on 
‘The Presentation of the History and Philosophy of Science”, opened 
by Prof H Dingle 


Thursday, December 17—Friday, December 18 


PHYSICAL SOCIETY (mn the Tow nsend Lecture Theatre, The Ciarendon 
Laboratory, Oxford), at 10 am dady—Conferene on "Eketron- 
Phonon Interaction im Sohds" 


Friday, December 18 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 
Belgrave Square, London, S W 1), at 630 pm —Dr F E Camps 
"Some Aspects of Forensic Science" 


Friday, December |8— Saturday, December 19 


BRITISH PSYCHOLOGICAL SOCIETY (at University College 


Gower 
Street, London, W C1) Conference 
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Saturday, December 19 


BIOCHEMICAL Socmmty (in the Department of Chemical Pathology, 
King’s College Hospital Medical School, Denmark Hull, London, 8 E 5), 
at 10 30a m —389th Meeting 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on oi 
before the dates mentioned 

KNooP REsEAROH l'ELLOW (graduate in medicine or science), to 
work on cerebral enzymatic aspects and on the presence of chemical 
abnormalities im hereditary degenerative cerebral conditions— The 
Secretary, Institute of Neurology, The National Hospital, Queen 
Square, London, WC 1 (December 18) 

LECTURER or ASSISTANT LEOTURER IN GEOGRAPHY at Makerere 
College (University College of Hist Africa)—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C 1 (December 30) 

ASSISTANT LECTURER or LECTURER IN PURE MATHEMATICS, and 
an_ASSISTANT LECTURER or LECTURER IN MATHEMATICAL STATISTICS 
—LIhe Secretary, The University, Exeter (December 31) 

LEOTURER (preferably with an interest in the theory of machines, 
mechanical servomechanisms or the strength of materials) IN MmOH- 
ANICAL RENGINEERING— The Secretary, The Queen's University, 
Belfast (January 1) 

PROFESSOR OF APPLIED MATHEMATICS—~The Secretary and Regis- 
trar, University College of North Wales, Bangor, North Wales 
(January 1) 

LECTURER or ASSISTANT LECTURER IN CHEMISTRY at the Univer- 
sity of Malaya (Singapore Division)—The Secretary, Inter-University 
Council for Higher Education Overseas, 20 Woburn Square, London, 
WCI1(üanuarv 15) 

ASSISTANT LECTURER IN STATISTICS, to teach theoretical statistics 
and some mathematics—-The Secretary, The London School of 
Economies and Political Science, IIoughton Street, Aldwych, London, 
Ww C2 (January 22) 

ASSISTANT (preferably with some knowledge of horticulture and 
experience m proof correctmg and indexing) TO THE EDITOR—The 
Secretary, The Royal Hortieultural Society, Vincent Square, London, 
S W 1, marking envelope “Confidential” m 

CHEMIST or AGRICULTURAL CuEMIST (with an honours degree m 
science or equivalent qualification, and preferably postgraduate 
research experience to Ph D level and a knowledge of agriculture) 
to undertake research on the quality of protem in animal feeding stuffs 
for non-rummants—The Secretary, The Rowett Research Institute, 
Bueksburn, Aberdeen 

OHEMIST or DIOOHEMIST, for research in the steroid fleld—The 
Director, Group for Research on the Chemical Pathology of Steroids, 
Jessop Hospital for Women, Sheffield 3 

LECTURER (honours graduate m mathematics or mathematical 
physics) IN THE DEPARTMENT OF MATHEMATICS (including Industrial 
Statistics and Computimg)—The Registrar, College of Technology and 
Commerce, Leicester 

PaYSIcIsT (with research experience to Ph D standard in infra-red 
spectroscopy), to undertake a programme of investigations in atmo- 
sphere radiation—Imperial College, Department of Meteorology, 
London, 8 W 7 

RESEARCH ASSISTANT (with a good mathematical background 
including statistical analysis, and preferably some knowledge of the 
field of metal fatigue) IN THE DEPARTMENT OF AERONAUTICS AND 
ASTRONAUTICS, fo undertake work on the theory of cumulative dam- 
age in fatigue—The Secretary and Registrar, The University, 
Southampton 

SENIOR TECHNICIAN or TEOHNICIAN IN THE DEPARTMENT OF 
GEoLoaY—The Bursar, The University, Sheffield 10 


REPORTS and other PUBLICATIONS 


(not included «n the monthly Books Supplement) 
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Other Countries 


Pacifice Insects, Vol 1, No 1 (July 15, 1959) Pp 172 (Organ 
of the Program ''Zoogeography and Evolution of Pacific Insects ") 
Subscription rates, per volume (4 issues totalling at least 400 pages) 
Japan Y 1,700, N America 5 Dollars, 35s 04 Singleissues Y 600, 
2 dollars, 13s (Honolulu, Hawan Entomology Department, 
Bernice P Bishop Museum 1959 ) 2210 

Inter-American Tropical Tuna Commission Annual Report for the 
year 1058 Pp 121 (La Jolla, Calif Inter-American Tropical 
Tuna Commussion, 1959 ) [2210 
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FUTURE OF BROADCASTING AND TELEVISION 


HERE are few more important questions for 
mankind to-day than that of the creative use of 

the mass media, and recent evidence of the abuse or 
wasteful use of television or of broadcasting only 
accentuates the urgency of determuned efforts to 
discover effective ways of usmg the immense powers 
of these media over the mmds of men and women 
and young people for creative and positive purposes 
The urgency of this problem was well mdicated by 
Alderman F J Stott, of Plymouth, speaking on the 
publie library as a major mstrument of education, 
in an address to the Library Association at its annual 
conference in September Alderman Stott stressed 
indeed rather the threat to the balanced development 
of the individual members of our society under present 
conditions, and 1b was Prof L Hogben who referred 
to the mmmense positive possibilities of the wise and 
imaginative use of both sound broadcastmg and 
television in solving some of our current educational 
problems, especially those arising out of the shortage 
of teachers 

It was accordingly a timely and pubhe-spmited act 
on the part of The Twentreth Century to devote the 
whole of ite November issue to the subject of tele- 
vision in Great Britam, with the declared object of 
elucidatmg ways m which television could be put to 
creative use Comparatively few constructive sug- 
gestions emerge, m fact, from a series of highly 
interesting articles, among which those of Dr J 
Trenaman, Mr. Gordon McLachlan and Mr Ed 
Murrow stand out, but the articles certamly illumine 
the mam issues which are urgent to-day. That 1s 
also true of Mr. Norman Collms’s discussion of 
*Minoribres and Monopolies”, but his article appears 
to have been provoked by Mr. H Carleton Greene’s 
address to an association of German busmess men on 
the threats which political and commercial control 
offer to broadcasting provoked almost to the pomt 
of obsession, Mr. Collins 1s betrayed into too many 
loose and dubious assertions 

Not the least valuable contribution, however, 1s 
the introductory editorial note, which makes an 
important pomt that, ag is duly noted, the Britash 
Bioadcastang Corporation itself cannot urge: while 
the BBC. for many years has been changmg its 
approach and no longer seeks to impose what ib 
thinks good, appreciatmg that there 1s a much wider 
range of good things than rt once believed and 
offering to share them with those who want them, It 
has, m its turn, set standards of balance and taste to 
which commercial television has had, m part, to 
conform Nevertheless, while the Corporation’s task 
1s to provide a balanced output of opmion, mforma- 
tion and entertamment, and to cater for important 
muinortties as well as the majority, there ıs a large 
public which looks to television solely for light enter- 


tamment A serious programme accordingly loses 
for the B B C. much of rts audience if its rival is 
showing something lighter , and if the B B.C. lost its 
mass audience, if 16 was content merely to cater for 
the serious minority, viewers would ultimately resent 
paying for a service that was not catenpg for them 
This situation may well account for whatever con- 
fusion or hesrtancy may seem to characterize B.B C 
policy ; but no Government would stand out against 
public feehng or could be trusted to subsidize the 
BBO from general government funds, and for that 
reason ib ıs suggested that the B B C. needs now an 
additional channel so that ıt can eater for mimority 
and majority mterests throughout the entire broad- 
casting day Jn its latest annual report the Cor- 
poration again pleads for a third television channel 
to be under the control of the Corporation, and claus 
that two BBC television services could be so 
planned that the viewer always had a choice at any 
tame of the evening between lighter and more sub- 
stantial faro While 16 can be fairly claimed that in 
1958-59 the BBC ım such relatively serious but 
hvely television programmes as ‘Panorama’ and 
“To-mght” has set a standard that can do much to 
enhance man’s understandmg of the world and his 
enjoyment of ıt, there 18 substance in the argument 
that a third television network should be allocated 
neither to the BBC nor to the Independent Tele- 
vision Authority, but to a number of regional cor- 
porations, the controllers of which have no direct 
financial stake in the size of their audiences and who 
should seek to represent the people of their regions 
Mr MeLachlan's article, “The Gold Mine of Com- 
mercial Television’’, displays fairly enough the issues 
raised m commercial television and the nature of the 
choice that will confront the nation when the financial 
arrangements fall due for revision within the next 
five years Mr. McLachlan suggests that the Com- 
mittee of Pubhe Accounts, 1n its third report for the 
session 1958-59, foreshadows radical proposals from 
the policy makers of both main political parties. He 
is a little uneasy as to the extent to which the public 
interest 1s hkely to be served, but he sees signs 
that the profit motive has already lost something of 
its domimance and has been replaced by that of 
prestige, which should certamly be more sensitive to 
damage by abuse. 
The difficulty m dealing with commercial television 
is not that ıt 1s concerned primanly with makmg 
profits, but the kmd of popularity to which the 
making of those profits 1s geared It may be unfer 
to suggest that the British Broadcasting Corporation 
is better than the Independent Television Authority 
because 16 does not have to make a profit, but 1t, 
“too, 18 inhibited from fmghtenmg or joltimg its 
audience It shirks fundamental controversy and 
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when it speaks for Britain 1ts voice must generally be 
the voice of a broad consensus When Mr Collins 
claims that the fears of most of those who opposed 
the setting up of an alternative Independent Tele- 
vision, system have proved groundless, ıb 18 difficult 
to take him seriously, and, for all his fierce opposrtion 
to Mr Carleton Greene’s wish io exclude business as 
well as political interests from any say, direct or 
indirect, m the control of broadcasting, he completely 
fails to show that the Independent Television system 
18 in any true sense a public service system, or that 
ib expresses any more fully than the BBC the 
nation’s activities as a whole 

To be aware of such dangers is one thmg, to 
determine how best to avoid them 1s quite another, 
and for positive suggestions one must turn rather to 
Dr Trenaman's survey of the effects of television, to 
Prof Asa Brigg’s article, “Theo Image and the Voice", 
to Mr M Richardson’s “Best and Worst of Inven- 
tions”, or to a paper read by Dr W Belson at the 
British Association meeting at York Prof Bnggs 
shows, for example, how much 1$ now bemg done to 
put television m its correct place in society and in 
relation to the other mass media Accurate assess- 
ment here 1s essential if television and sound broad- 
casting are to be used constructively and to the 
greatest advantage That is why Dr Belson’s work 
on the effects of television upon the interests and 
immtiative of adult viewers 1s important 

In his paper at York, Dr Belson, from studies on 
BBC television, showed that television reduces the 
frequency of occurrence of viewers’ acts of mitiatrve 
and also their interests ın terms both of strength of 
identification and level of activity Both m mitiatrve 
and m interests the loss 1s at first substantial, but 
thereafter a recovery sets m which is almost complete 
after about five years For a good time to come the 
total loss to the community is likely to be sub. 
stantial, but there are exceptions, and Dr Belson 
suggests that study of these exceptions may be 
rewarding both from a cultural and a commercial 
pomt of view 

The importance of free experiment at this stage in 
order to discover the full potential contribution which 
television may be able to make to culture, to educa- 
tion and to social welfare rm any true sense can scarcely 
be over-stressed , and any decisions taken in the 
next five years should be such as to ensure that those 
to whom television—and also sound broadcasting— 
is entrusted are given full fieedom to experiment 
and ample resources to do so No sectional interest 
should be permitted to occupy a position which could 
frustrate or distort such developments, and once agam 
the critical importance of the third network should 
be apparent Any changes or new arrangements 
should be such as to secure as far as is humanly 
possible the dominance of the public mterest and the 
conception of public service 

Perhaps the outstanding feature of this symposium 
of articles on television ıs the evidence ıt provides 
both of the immense financial interests at stake and 
of the httle that is yet known regarding the con- 
structive use of television Dr Trenaman directs 
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attention, for example, to the premature assumption 
that television can communicate ideas to a much 
larger public than other media, and to the fact that 
the measured social effects of television are a good 
deal less spectacular than one might suppose Never- 
theless, they can be serious enough We cannot 
altogether discount the tendency to msulate the 
viewer from the realities of the world m which we 
lve, which Mr Ed Murrow finds so alarmmg a 
feature of the American system , andif Dr Trenaman 
can point to numerous lmes of profitable mvestiga- 
tion, there 1s also much work still to be done on the 
technique of using television and mdeed sound broad- 
casting, some of which could well lead to results 
demanding some curb on the manner m which 
advertismg 1s conducted at present 

This work should not be left solely to the unrver- 
sities or to mdependent foundations, such as the 
Nuffield Foundation As Mr Richardson pomts out, 
both a lead and support could and should be given 
by the Government ın order to enable the educa- 
tional potentialities, for example, to be realized and 
some order established The work already carried 
out by Dr Trenaman has established beyond question 
the supreme importance of education here Ultum- 
ately, the use that ıs made of television or sound 
broadcastmg depends on the standards of education 
of the mass of the population, and that must not be 
forgotten m considermg what contribution the new 
mass media can make to the removal of difficulties 
arising out of particular current—af possibly tem- 
porary—problems such as the shortage of teacheis 
of science But if we are to use television and broad- 
casting wisely and effectively, either politically or 
culturally, as a means towards education we must 
know a great deal more about how to convey ideas 
and about the interactions of sound broadcastmg, 
television and the other mass media-—their limitations 
as well as ther potentialities 

There 13, however, one aspect of the work of the 
Birish Broadeastmg Corporation which 1s virtually 
ignored m the symposium published m The Twentieth 
Century , and yet it 18 the one where the loss of the 
Corporation’s monopoly and its restriction to one 
television channel could have the most serious effects, 
even if the Government’s new policy in regard to 
overseas information services may now remove the 
danger of financial strmgency It could be questioned 
whether the external services of the Corporation 
could maintain its deservedly high reputation for 
objective and honest reporting of news if, for any 
reason whatever, the Corporation as a whole lost or 
mopaired rts reputation foi telhng the truth That is 
just what could follow if the particularly close 
co-operation and interrelation between the Govein- 
ment and the Corporation were once disturbed, 
either in respect of the external services or of other 
services 

That relation 1s, of course, based on mutual good 
will and respect, and both sides—the Government 
and the Corpoiation—have a vested interest, as 
Mr James Monahan recently emphasized, m keep- 
mg viable the relation between the “editorially 
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iesponsible External Services" and the co-operative, 
financially responsible ‘“‘prescribmg departments” 
Clearly the system seems to woik, and to produce 
the genume “voice of Butan”, and 16 is well to 
pause before agreemg on any changes m the relations 
between the British Broadcastmg Corporation and 
the Government which might jeopardize such an 
asset Objective reporting and editorial mdependence 
fiom the Government are not easily retrieved once 
sacrificed , and though the Overseas Services are 
only beginning to use television, too much care can 
scarcely be taken to avoid damagmg such precious 
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assets, or placmg new obstacles in the way of them 
utilization, when shaping the conditions or the tech- 
niques under which the new and different powers of 
television are to be used Once the fairness and 
impartiality of a broadcasting system becomes 
suspect its authority as a source of mformation is 
destroyed, and quite apart from any short-term oi 
long-term effects which either sound broadcasting or 
television may have on its constant hsteners and 
viewers, Mi Carleton Greene's warning is endoised 
by all that has happened ın the broadcastimg field 
since his lecture was given last Apri. 
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SCIENCE WRITING 


The Technical Writer 

An Aid to the Presentation and Production of Tech- 
nical Literature By J W Godfrey and G Parr 
Pp 340 (London Chapman and Hall, Ltd , 1959) 
45s net 


Wu exactly Ecclesiastes would have said 
about the making of books about the makmg 
of books—among Charles Lamb's bilia absbilia—we 
cannot know, but so shrewd an observer would 
surely have noticed that there seems nowadays to 
appear a steady stream of books about the writing, 
typing, editing, prmtmg and publishing of scientific 
material But perhaps the book to end books of this 
kind is the one before me, which probably deals 
more extensively than any other m English, on 
either side of the Atlantic, with every stage m the 
production of smentific and technological printed 
documents, from papers and pamphlets to text-books 
and encyclopedias 

It 15 implicit m the authors’ undertakmg that good 
must come of the writer's knowing something about 
the procedures that are the responsibilities of the 
compositor and the ‘Reader of the Press’, who are 
going, respectively, to set his manuscript m print 
and to eoriect its first proofs What 1s not so certain 
is whether the authois also think that ıt would be 
good for the latte: two craftsmen to know something 
about the fist one’s problems For the most part, 
those at the pubhshmg end of the cham have to 
gather piece-meal all they need to know about the 
scientist’s literary habits—if anything so varying and 
variable can be described as a habit This book will 
certainly make the task easier, ın spite of the fact 
that 1t seems primarily mtended for the instruction 
of those engaged ın the pre-printing part of producing 
“Technical Literature" 

This, the comprehensive 1f somewhat vague title of 
the book’s first chapter, 1s there defined more pre- 
cisely, and it becomes evident, as is stated by the 
authors and seems mevitable from their own tech- 
nical backgrounds, that there is a bias towards 
engmeermg and allied subjects, including physics, in. 
tho illustrative examples they have chosen This m 
no way detraets from the value of the book for those 
praetismg other disciplines, and for two reasons 
first, there are many problems of presentation 
common to all scientific discrplmes and their tech- 
nologies , secondly, the call for neatness and exact- 
ness in both text and ulustiations 1s probably greater 
im physics and its applications than m any other 


scientific field, so that the methods used to achieve 
them may be studied with advantage by those who 
are not engineeis 

Chapters 2 and 3 deal, respectively, with “The 
Technique of Technical Writing” and with ‘Style 
and Presentation” In some ways they are the least 
satisfactory chapters 1n this immensely well-informed 
useful book, if only because they take msufficiently 
into account, again perhaps because of the general 
bias towards physics and its technological offspimg, 
the great variety of journals spread over half a dozen 
or so major sciences and their numerous applications, 
with a bewildermg mass of differences m conventions 
and ‘house rules’ Moreover, I have an uneasy feeling 
that the authors, who in general wiite lucidly and 
economically, are possibly not the best mentors on 
the writing of English My suspicions about this 
matter were first aroused by the fact that they 
recommend, and rightly so, Fowler’s “Modern English 
Usage” as one of the books always to be consulted, 
and so presumably to be followed, by the scientific 
writer, yet seem themselves unable to adopt, or to 
be unaware of, Fowler’s still valid distinctions between 
‘which’ and ‘that’ as relative pronouns 

From Chapter 4 ("Illustratmg the Text") on the 
book becomes mereasmgly concerned with mechan- 
1¢cal rather than with mtellectual processes, so that 
Chapters 5, 6, 8 and 9 descibe, in that order, 
“Printing Processes", ‘Settmg Out the Text”, 
“Typography for Technical Pubheations" and ‘‘Set- 
up of a Technical Pubheations Unit" Intermediate 
im. concern with hand and bram are Chapters 7 and 10, 
which deal with “Editorial Procedure” and with 
“Technical Authorship”, the latter phrase is not 
particularly Jlummating, but the chapter covers an 
attractive medley of often apparently trivial matters, 
though they occasionally may assume frighteningly 
large proportions, such as the preface, the ‘blurb’, 
indexing, copyright, defamation, translation The 
book ends with four useful appendixes (wrongly 
called ‘appendices’ by the authors, who m this matter 
follow the bad example set by some official pub- 
ications) 

In one appendix the authois mghtly msist on the 
duty of all writers (and they might perhaps have 
added of all editors too) to stick to the British 
Standard 1219, from which they quote substantial 
portions, when correcting proofs In subsequent 
editions they will doubtless direct attention also to 
the British Standard 2509 (Periodicals of Reference 
Value Form and Presentation), which has become 
available smce therr book was first pubhshed What 
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I should have hked, howeve:, is iather more 
emphasis on two additional essentials 

First of all, long before the pxoof-reading stage is 
reached, the correct conventions should be followed 
when mdicating on the manuscript (which must be 
typewritten) how and where particular words and 
phrases are to be set m print Thus nothing is 
more infuriating to an editor (or misleadmg to a 
compositor) than use of the single undeihne to 
indicate, for example m the hat of ‘references’, both 
the setting of journal names (or their abbreviations) 
in 1talies and the sotting of volume numbers 1n ‘bold’ 
type, and this leads me to the second ‘must’ 

The authors of scientific papers--and 1t apphes to 
them much more than to pamphlets and books 
and other non-pe1iodical publications—are under 
both a practical and a moral obligation to study 
meticulously, and having studied to follow just as 
meticulously, the exact conventions observed in the 
journals to which they intend submitting manu- 
scripts In such matters as the use of italics, already 
referred to im a shghtly different connexion, oi of 
‘full-stops’ after abbreviations and captions, the 
particular system of references used (as distinguished 
by the authors on pp 95 e£ seq) and the arangmg 
of headings and side-headings, pieviously published 
papers m each individual journal must be examined 
The method and place of mserting tables and dlus- 
trations, and also of their legends, and m particular 
how much, if anything, 1s to be put on graphs besides 
pomts and lines, are almost always covered by the 
“Instructions to Authors” issued by or m many 
journals 

There are two reasons why the author of a paper 
should take all possible trouble to reduce to a 
minimum the need for editorial amendment of his 
manuscript First, he will thereby establish some 
degree of confidence towards himself not only from 
the editor but also from any assistant editors or 
referees to whom his draft 1s submitted , a reputation 
for serupulousness m the preparation of manuscripts 
for the press cannot harm and may enhance the 
author's reputation for general iehabiliby, even in 
his own field of science Misdemeanours m these 
matters are, by that same token, seldom forgotten 

The second reason 1s simply good manners Many 
editors and referees acting for scientific and tech- 
nological journals, especially those that primarily 
cover the basic sciences and are published by learned 
societies, work in a purely honorary capacity, bemg 
already fully employed m research, teachmg or ad- 
munustrative jobs undertaking ther additional tasks 
as labours of love Anyone who, through carelessness 
or laziness, mereases them work unnecessarily—and 
indeed this is also true, mutatus mutandis, for the 
paid editor—is simply guilty of gioss discourtesy to 
a scientific colleague The matter 1s one neither of 
science nor of Enghsh, but just of professional 
courtesy 

“The Technical Writer" will undoubtedly help to 
smooth the path between the takmg of scientific or 
technological action, and 1ts description m print It 
must be on the library shelves m every department 
of every imstitution m which individuals prepare 
papers for publication in scientific, technological and 
technical jounals Some senior members of such 
institutions, especially if they are mvolved in pro- 
duemg books as well as papers, might with advantage 
possess their own copies For editors and referees 
and then associates on editorial boards and pub- 
hneation committees, possession of this book ıs 
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obligatory Above all, when the young and the not- 
so-young author is puttmg the final touches to his 
draft before submitting it for publication, let him 
think of the editor, whose editorial duties are so well 
made clear m this book, and remember that there, 
but for the grace of God, may he one day go—-and 
act accordingly A L BACHARACH 
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NEWTONIAN DOCUMENTS 


Isaac Newton’s Papers and Letters on Natural 
Philosophy and Related Documents 

Edited with a General Introduction by I Bernard 

Cohen Assisted by Robert E Schofield Pp xm+ 

501 (Cambridge At the University Press, 1958 ) 

70s net 


HE study of the history of science 1s still seriously 

hampered not only by the lack of enough good 
secondary works but also by the unavailability of 
major sources Fortunately as regards the study of 
Newton the situation is rmproving an English 
translation of the “Prmapa”’ is in print, and a 
variorum edition promised, the “Opticks”, with 
adequate introductory material, has been reprmted 
recently, the Royal Society edition of Newton’s 
correspondence is eagerly awaited, and a Lever- 
hulme award has been made for the study of Newton’s 
mathematical papers 

The present work ıs a further 1mportant contribu- 
tion in this field It "brings together for the first 
tame Newton's scattered papers and letters on natural 
philosophy (excluding mathematics, pure theology, 
and bibheal chronology) as they were actually 
available vn print during most of the 18th century” 
Apart from the “Prmapia’, the “Opticks” and the 
comparatively umnfluential "Optical Lectures", the 
papers reprinted in this volume represent “the 
complete corpus of Newton's writings on physical 
science that actually mfluenced the scientists and 
thinking men of the ‘Age of Newton’ ” 

The first group of scientific papers comprises 
Newton’s “New Theory about Light and Colors” 
and the documents of the controversy to which this 
gave rise, together with his second paper on the 
subject (read to the Royal Society durmg 1675-76 
but not published until 1757) and his papers on the 
rmprovement of the telescope In all, these account 
for nearly half the book It 1s of the greatest con- 
venience to have the objections raised agamst 
Newton’s theory and his replies collected together in 
a single volume , and the reader will have sympathy 
with Newton’s later remark to Leibniz, “I was so 
persecuted with discussions arising from the publiea- 
tion of my theory of hght, that I blamed my own 
imprudence for parting with so substantial a blessing 
as my quiet to run afte: a shadow” T S Kuhn's 
twenty-page mtroduetion to this section will greatly 
help the reader to thread his way through the con- 
troversy, even if he feels at times that Mr Kuhn 1s 
perhaps too critical of Newton But there 1s no doubt 
that Newton brought many of the troubles on himself 
by leaving his original exposition seriously mcom- 
plete 

The remammg papers form a miscellaneous collec- 
tion on chemistry, atomism, the aether, and heat, 
and there ıs a short mtroduction by Mane Boas. 
There then follow letters from Newton to Bentley 
"eontaming some arguments m proof of a deity", 
with the famous passage m which Newton asks 
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Bentley not to aseribe to him the notion of gravity 
as “essential and inherent to matter’, Bentley’s 
lectures on ‘“‘a confutation of atheism from the origin 
and frame of the world", Halley’s review of the 
*"Principia" and the account of Newton’s work which 
he wrote for presentation to King James, the first 
biography of Newton, Fontenelle’s *'Éloge", and, 
as an appendix, an mdex to the references to Newton 
m Burch’s “History of the Royal Society" 

Apart from the general introduction by I B 
Cohen, the introductions to the various sections, and 
the appendix, the whole of this volume js already 
available to scholars with access to a good hbrary 
Those who are not so fortunate will benefit most from 
the book, and teachers of the history of science will 
at last be able to give their students an opportunity 
to study Newton’s mind at work But one may 
perhaps question whether the best methods have 
been adopted In every case the papers and letters 
are reproduced facsumle Obviously one must have 
the origmal diagrams reproduced facsimile, if only 
because their shortcomings led to misunderstandings , 
equally obviously, if one 1s to study the impact of 
Newton on the eighteenth century, one must read 
him im the sources available in the eighteenth century 
But does one need to work with the type then used, 
and to correct the misprints oneself ? Some papers 
are printed first ın Latin and then—for some reason 
still faesimile—in a nimeteenth-century translation 
On the other hand, Fontenelle's "Éloge" is gwen 
only m English, although Gillispie m his mtroduction 
says the translation “as frequently clumsy and 
nowhere better than adequate" It 1s difficult to 
understand why the whole was not reset m modern 
type, with musprints corrected and with footnotes 
giving at least the pages for reference back But this 
1s to say only that a very useful book might have been 
better M A HOSKIN 
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A RELIGION OF MAN? 


Concerning Human Understanding 
Essays on the Common-sense Background of Philo- 


sophy By Prof Nikunja Vihar. Banerjee Pp 
333 (London George Allen and Unwin, Ltd, 
1958) 30s net 


ROF N V BANERJEE, m his recently pub- 
lished book entitled ‘‘Concernmg Human Under- 
standing’, has m fact made a collection of a number 
of his essays which were written over a period of 
twenty years 
The title 1s slightly misleading as the essays of 
Banerjee are concerned prumarily not with the theory 
of knowledge or undeistanding but rather with a 
quest for a religion which will unite (in a sense) the 
conflicting values of oriental and occidental cultures 
These culmmate ın a final essay (Part 4 5) which 
18 in fact a strong recommendation to the world of 
“the principle of love and kmdness m the will of 
man, and in the world of human affairs, ın order that 
power, and law and mstrtutions, instead of having to 
exercise relentless authority and despotic rule over 
man, may be dedicated to the cause of humanity 
and consequently the world that ıs to sustain man 
from the cradle to the giave may become as good as 
possible and really human And this suggests the 
remedy for the crisis of crvilization which seems to 
have reached its chmax in our day" (p 324) 
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Prof Banerjee takes Jesus as the supreme example 
of a dedicated life, such as he advocates Banerjee 
has the advantage of being well acquainted with both 
the chief “Eastern” religious cults and with Christian- 
rty in its "Western" expression 

Ho ıs severely critical of what he calls "the latest 
phase of human aviation”, m particular of the 
contrast between the extendmg achievements of 
natural science, on one hand, and, on the other, 
the activity of "political organizations, headed by the 
State", which are apt to determine man’s present as 
well as his futwe, and which, according to Banerjee, 
are approaching Nature m what he calls 1ts wrational 
and mhuman quality It 1s m this context that 
Banerjee writes with most emphasis of “‘the failure of 
ervilization”’ 

He writes that man 18 hostile to and divided against 
himself in an unprecedented way Nature 1s also 
hostile to man, but this 1s mevitable, while man's 
hostihty to himself is suicidal 

In what he claims is a historical retrospect, Prof 
Banerjee contrasts “the religion of God or gods", 
for which rehgion Nature is an object of fear (my 
italics), with what he calls “the religion of man". 

To overcome the feaa of Nature, Banerjee contends, 
is not enough Mankmd needs to keep his awareness of 
the hostility of Nature as a kind of stimulus (p 325) 

“The remedy” ıs approaching It mereases peace 
with Nature (loc c) Here agam the Eastern and 
Western mind are contrasted Western civilization 
tends to distract the attention of man from what is 
wrong in himself, while on the other hand, oriental 
civilization is conspicuously introspective Hence, 
according to Banerjee “the developed eastern mind" 
18 more aware of the problem of liberation 

This book is readable and challengmg, but it is 
doubtful whether the author succeeds in providing 
sufficient evidence for his sweepmg generalizations, 
for example, about theories of knowledge (Parts 1 
and 2), and about philosophy generally, mcluding the 
theory of value (Part 3) It 1s also regrettably doubt- 
ful whether or not he succeeds in making plausible 
the more optimistic parts of hus book, that 1s to say, 
those m which he appears to recommend a confident 
expectation of the reconciliation of all the opposed 
tendencies (for example, between Eastern and 
Western thought) which he clearly and eloquently 
describes D J McCracken 


HUSSERLIANA COMPLETED 


Edmund Husserl 

Erste Philosophie (1923/24) Zweiter Tel Theorie 
der Phanomenologischen Reduktion Herausgegeben 
von Rudolf Boehm (Husserhana, Band 8) Pp 
xhu+594 (The Hague: Martinus Nijhoff, 1959 ) 
2675 guilders, paper bound, 32 guilders, cloth 
bound 


ITH the appearance of this part, the plan to 

issue eight volumes of the works of the great 
master of phenomenology has reached frurtion 
The Husserl-Archiv at Louvam has erected as 
endurmg à monument to his memory as can be 
unagmed Scholais m this field are thus obliged to 
study such a pre-suppositionless philosophy to the 
hmıt of their powers, not only for its own sake but m 
due recognition of its place as a basis for all know- 
ledge Whether the emphasis 1s mathematical or 
psychological, or anything 1n between, the need is for 
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rigour and the re-establishment of an acceptable 
first philosophy (re-establishment because the neces- 
sity was clear enough to Amstotle; then as now, 
there will always be links with theology whether seen 
overtly or not) The passage of some twenty-three 
centuries has but underlined mankind’s urge to 
re-discover metaphysics (as first knowledge), not 
merely as a matter of professional controversy but as 
an essential stance for human thought m every sphere 

Before gomg further, a cordial tribute 1s fully due 
to the editor of this member of the series (and of 
No 7 also), Dr Rudolf Boehm, for the immense 
labour which he has expended upon his task I was 
privileged to catch a glimpse of the work in progress 
at Louvam, and to participate foi an hour or two m 
discussion Perhaps nowhere else 1n the world to-day 
can. epistemology be better experienced than in that 
upper room furnished m the Cardinal Mercier Place 

The book now before us is the second part of 
Husserl’s “Erste Philosophie” (1923-24), that is, that 
concerned with the theory of phenomenological 
reduction. It consists of four mam sections with an 
editorial introduction, together with a number of 
supplementary passages, and an appendix The 
core 18 the assemblage of lectures 28-54 inclusive 
which, with numbers 1-27 (Volume 7), were delivered 
by Husserl before the Umwversity of Freiburg-m- 
Breisgau Section I deals with prelimmary media- 
tions upon the apodeictic begmning of philosophy 
Section II provides a critique of experience, the first 
approach to transcendental reduction Section III 
discusses the phenomenology of this process, the 
second approach to phenomenological reduction 
Section IV brings together phenomenological psycho- 
logy, transcendental philosophy and phenomenologi- 
cal philosophy 

Since the central theme presents with the utmost 
rigour the universal question of the possibility of 
‘knowing’ the world around us in terms of a proper 
relationship between objective time and subjective 
time-consciousness, it 1s well to recollect the three 
kinds of knowledge commonly accepted by scholars 
Thus, apodeictic knowledge 1s the knowledge of 
something which must occur, assertorie knowledge 
is the knowledge of what is actually happenmg, 
whereas problematic knowledge refers to the know- 
ledge of what might oceur, or at least, be capable of 
oceurrmg Much of Husserl’s outlook is, technically, 
problematical 14 1s here that his work touches the 
domam of discovery as if to say ‘so and so 1s possible’ 

The value of this for natural science hes perhaps 
m the augmented part played by probabilities in 
modern physics The whole focus of phenomenologi- 
cal reduction 18 upon not merely the possibility but 
the necessity of avoiding unmediate judgment over 
a wide field of human cognition Formally, this is 
likely to reman mevitable, but ın the applied sciences 
1t may look like an msidious form of escapism Such 
a view—4f 1b exists—would seem to be mistaken , 
the whole of technology approximates to one great 
exercise, or worked example (however important 
and mgenious), rather than to the deliberate contem- 
plation of fundamentals It is not the fault of this 
ceaseless striving for a pre-suppositionless discipline 
that physics tends, in matters philosophical, to look 
after itself But, on the other hand, natural science 
has fed back quite a few basic problems foi the 
consideration of ‘first philosophers’ 

A pecuharity of this noble work, which 1s assessed 
as a major contribution to the humanities, 1s that ıb 
nnplies, to a considerable extent, self-1mmolation, 
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and that not once, but twice The first mstance is 
that the very idea of transcendental phenomenology, 
so highly valued by Husserl, appears to have suffered 
an almost complete dissolution in this attainment of 
the notion of a contemporary first philosophy The 
second abandonment is that of the Cartesian way as 
we find 1t 1n the Ideen and the Méditations Carténennes 
Maybe this 1s not the one and only road to '*Philoso- 
phie als strenge Wissenschaft", to which ideal 
Husserl remained completely loyal It ıs character- 
istic of a mind of the first order that ıt can face the 
obliteration of the lesser by the greater without 
finchmg, while at the same time offermg us a new 
chapter m epistemology comparable perhaps with the 
advent of Descartes and all that followed 1t 
F I Q Rawirws 
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SUBSTANCE AND SHADOW 


The Prof 

A Personal Memoir of Lord Cherwell By Sm Roy 
Harrod Pp xv+282+4 plates (London Mac- 
milan and Co, Ltd, 1959) 25s net. 


Toe CHERWELL'S complex lıfe is a challenge 
to biography Probably no Enghshman since 
Francis Bacon has combimed such a deep mterest m 
natural science with so high a public office, and 
Cherwell’s contemporaries may well be as divided in 
ther approbation as were those of Bacon A bio- 
graphy of Lord Cherwell, takmg all aspects fairly 
into account, must therefore be a most interesting 
book Lord Birkenhead has been asked to write rt 

In the meantime, Sw Roy Harrod has produced a 
personal memoir based on more than thirty years 
close acquaintance with the ‘Prof’? As the author 
realizes, the book ıs at least as mformative about 
himself as 16 18 about his subject, this review will 
deal only with the new hght that is thrown on Lord 
Cherwell Sw Roy recounts some pamful incidents 
in Oxford between the two World Wars, they bear 
credit to nobody and to no institution, and it i8 
perhaps a pity that they could not have been left in 
the senior common room atmosphere in which they 
originated Thee are, however, some interesting 
glimpses of Oxford twenty to thirty years ago, as 
seen by a humanist with an active sympathy for 
science We im the laboratories often felt that there 
was a prejudice against science im the University, 
but we could not be sure that we were not being 
unduly sensitive Sir Roy, as an onlooker, makes 15 
quite clear that the prejudice did exist, and that 
Lord Che: well fought ıt valantly Whatever may be 
said m criticism of lus personal efforts i research 
after the First World War, he led the advancement 
of the Clarendon Laboratory, he was also one of 
the foremost m gettmg the place of science recognized 
m Oxford, and indeed in Britain generally 

Sir Roy reflects on some of the reasons foi tho 
comparatively small amount of research in physics 
personally undertaken by Lord Cherwell after 1919 
There 1s one further reason that ought to be taken 
into account, many of us who found ourselves in 
‘positions of high activity durmg the Wai know that 
15 was not easy to settle agar mto the quieter pursuit 
of research, particularly if 16 seemed that various 
aspects of national defence with which we owselves 
had been formerly associated were not beng properly 
developed It ıs more than possible that this same 
uneasiness distracted Lord Cherwell, 1t certamly led 
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him to spend much effort on am defence matters 
after 1933 

As regards the Second World War, Sir Roy 
Harrod mamly confines himself to his subject’s 
activities in the fields of economics and logistics, 
and these show the surpiismg extont to which Lord 
Cherwell’s interests went beyond physics The reader 
may, however, be led to draw an incorrect conclusion 
fiom the fact that Cherwell had eight economists on 
his staff m 1940, and only one scientist The numbers 
do not reflect the relative depths of his mterests , 
many of the scientific factors weie so deeply in his 
mind that one assistant was pethaps all that he 
requred—and m any event there were scientists 
throughout the Government service on whom he 
could always call It is probably this field of 
Cherwell's activities, the use of science in war, on 
which least has yet been published, and which will 
be of the most general interest Si Roy hints at 
some of the pre-war difficulties that arose m Sir 
Henry Tizard’s Committee for the Scientific Survey 
of Aw Defence, in the An Mumustry, but he appears 
to have heard only a fragment of the story , more 1s 
to be found m Vol 1 of S; Winston Churelill's war 
memoirs The Tizard Committee was one of the most 
distinguished and effective bodies ever to serve Great 
Britain, and it 1s umpossible not to sympathize with 
the Commuttee which, having discussed and rejected 
some of Cherwell's ideas at Am Ministry level, then 
found them proposed afresh but unaltered in the still 
higher forum of the Commuttee of Imperial Defence 
At the same time, one can appreciate Cherwell’s 
earher chagrm on finding that the Air Mimstry, by 
forming the Tizard Commuttee, had forestalled his 
proposal for a commuttee on science in am defence at 
the highest pohtical level 

Many of the details, both of this story and of others 
late: in the War, if they are told, will not make 
complaisant readmg But they will be of extreme 
interest, and they may be expected to confirm the 
impression warmly given by Su Roy Harod that, 
even with the contradictions of his character, there 
was much to like and admire m ‘the Prof’ The 
wisdom of some of his acts may be questioned, but 
science m Britain is the stronger for lus efforts 

R V Joneses 
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ASPECTS OF SOLID STATE 
PHYSICS 
Solid State Physics 


Advances m Research and Appheations Edited by 
Frederick Seitz and David Turnbull Vol 4 Pp 
xiv +540 (1957) 12 dollars Vol 5 Pp xv+455 


(1957) 11 dolars Vol 6 Pp xiv+429 (1958) 12 
dollars (New York Academic Press, Inc , London 
Academic Books, Ltd ) 


HESE three volumes of a series initiated in 1955 

contain seventeen articles, of length ranging from 
9 to nearly 200 pages, on various aspects of solid state 
physics It ıs scarcely possible, even if ıt were desm- 
able, to attempt to give, m a single review, a critical 
assessment of all these articles As the series expands, 
something like a balanced survey of a very wide field 
may be approached asymptotically by the aggregate 
of articles Each particular volume, however, con- 
tains a rather mixed bag, and the only way of giving 
an objective indication of the contents is by listing 
the articles with brief annotations 
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The longest article m Volume 4 18 that on ferro- 
electrics and anti-ferroelectrics by W Kanzig, who 
surveys the field comprehensively, brings out the 
similarities and differences between ferromagnetics 
and ferroelectrics, and usefully prefaces the detailed 
accounts of particular materials by general summaries. 
The theory of mobility of electrons in sohds 18 re- 
viewed by F J Blatt It 1s notable that, although 
the general principles underlymg the mterpretation 
of transport effects are well established, 1b 1s only 
rarely that good quantitative agreement between 
theoretical and experimental results has been 
obtamed, and that, m this respect, the treatment 
of metals still lags well behind that of sem1-conduc- 
tors The value of investigations of smgle crystal 
specimens of high purity and perfection 15 reflected 
m the account, by W G Pfann, of the techniques of 
zone melting and crystal growmg Another kind of 
technique is deseribed by T O Woodruff m his 
article on the orthogonahzed plane-wave method, 
exemplified by its application to silicon, for which the 
results obtained seem disappomtmgly mconclusive 
A “Bibhography of Atomic Wave-functions” by R 8 
Knox is essentially an extension to 1957 of a lst 
of references compiled by Hartree some ten years 
earlier 

Volume 5 meludes a full discussion, by M H 
Cohen and F Re, of quadrupole effects m nuclear 
magnetic resonance, with particular emphasis on the 
way m which the splitting and broadenmg of Imes 
provides information about the internal electric 
fields in solids Galvanomagnetic and thermomag- 
netic effects m metals are surveyed by J-P Jan, 
and discussed ın terms of a two-band model A 
unified treatment of the irreducible representations 
of the space groups, relevant to solutions of the 
Hamultonian for perfect solids, 1s given by G F 
Koster, assuming a knowledge ın the reader of the 
general theory of groups and their irreducible repre- 
sentations C C Khek and J. H Schulman deal 
with lummescence m solids, emphasizmg the basic 
physical prmeiples involved and discussmg primarily 
inorganic phosphors Shallow impurity states in 
silicon and germanium are treated by W Kohn, who 
describes the empirical facts, and discusses the extent 
to which, in particular by advances m the theory of 
donor states, 16 has been possible to correlate a wide 
range of electrical, optical and magnetic properties 

There are seven articles in Vol 6, as compared with 
five m the other two volumes, the subject-matter 
ranging from the primarily experimental to the 
purely theoretical There is an extensive review by 
W W Piper and F E Willams on recent work on 
the complex phenomenon of electro-lummescence, 
with speeial reference to the basic mechanisms, and 
to the behaviour of zine sulphide The compression 
of solids by strong shock-waves 1s treated by M H 
Rice, R G McQueen and J M. Walsh, who describe 
how modern high-explosives experimentation has 
extended empirical knowledge of pressure-volume 
relations far beyond the range over which precise 
static compressibility studies have been made 
Experimental work during the past decade on second- 
ary electron emission induced by electron bombard- 
ment 1s reviewed by A J Dekker A much wider 
time range 1s covered by the article by M P 
Givens on experimental and theoretical work on the 
optical properties of metals, a subject which has 
fallen outside the maim fields of recent research 
D L Dexter presents a general account of the basic 
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theory of the optical properties of nnperfections im 
non-metals An article by G Borelius on changes of 
state of simple solid and liquid metals 1s essentially 
a summarizing survey of a recent series of papers by 
him deahng with a semi-macroscopic analysis of 
energy, entropy and volume mto vibrational and 
structural parts Finally, there is an account of 
macroscopic symmetry and properties of crystals by 
C S Smith m which a systematic development of the 
formal theory 1s supplemented by physical arguments, 
and applied 1n the discussion of a wide range of physi- 
cal properties 

There ıs no doubt that most of the axticles m these 
volumes will be of value to those engaged 1n, or pre- 
paring to undertake research on, the topics with which 
they are concerned This would hold even of articles 
which are essentially compilations of condensed 
information about work presented ın many different 
journals, or which are advanced expositions of some 
particular theoretical topic A reader with a good 
general background knowledge of solid state physics, 
for whom this series 1s intended, may, however, 
properly wish to be conducted mto some more particu- 
larized field, rather than pushed ntoit Such a reader 
will emerge from some of these articles with no clear 
impression at all The writers, as guides, are often 
too conscientious, too modest, or just plain indiffer- 
ent too conscientious m trying to make reference to 
every piece of work they have been able to find, 
too modest in not allowmg any trace of personal 
judgment, even by selection, to become apparent, 
or plam indifferent m not carmg whether & condensed 
piece of theoretical exposition 18 likely to be mtellg- 
1ble to àn average reader or even, sometimes, whether 
it is intelligible to themselves 

In these volumes there ıs a theoretical article which 
begms at a level so far beyond that of most physicists 
as to be virtually useless by itself in this form 
Another theoretical article is a first-rate piece of 
exposition, at an appropriate level, though even this 
jumps the traces occasionally, and would be improved 
by the addition of a few explanatory sentences or 
paragraphs On the more experimental side there 
iS an article which contams more than seventeen 
pages of tables, mostly of experimental data of very 
specialized interest, which are completely out of place 
in & series of this kind Other primarily experimental 
articles suffer from a congestion of factual material 
In some, however, much thought has clearly been 
given to presenting a clear and balanced picture of a 
particular field, at the expense of omissions which are 
likely to be deplored only by a few of the less able 
writers of Ph D theses 

The adverse comments which have been made 
must not be taken to imply that the average standard 
of the articles m these volumes 1s unusually low , mdeed, 
compared with the general run of review articles, 1t 
18 unusually high, m keeping with the already estab- 
lished reputation of the series Even here, however, 
the prevalent diseases of review articles and their 
writers are becoming apparent tho spotted reference 
fever of the one, and the introversion of the other 
These can be controlled, and when they are, and other 
more positive conditions are satisfied, review articles 
may result which, lke a few of those here, are 
in ther own right substantial contributions to 
sc1ence 

I am indebted to my colleagues Dr P Rhodes and 
Dr E F W Seymour for also reading a number of 
the articles in these three volumes, and giving me the 
benefit of ther comments E C STONER 
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MUSIC AND ELECTRONIC 
COMPUTORS 


Experimental Music 
Composition with an Electronic Computer By Prof 
L A Huler, Jr, and Leonard M Isaacson Pp 
vu+197 (London  MeGraw-Hil Pubhshmg Com- 
pany, 1959) 46s 6d 


O much ıs heard nowadays of the capabilities of 
the computer robot m imitatmg every human 
activity that ıt ıs not surprising to read of exper- 
ments m which the computer is made to compose 
music Perhaps to say that the machine ‘composes’ 
is putting the experiments deseribed im this book at 
too high a level, as probably the authors would be 
the first to admrt What the computer has been 
asked to do 1s, ın fact, to produce a canto fermo, a 
series of notes following certain rules which every 
student of harmony has to practise at an early stage 
of the music course Since these rules are largely 
negative, 16 18, of course, quite easy to feed into 16 à 
programme m which 1t may choose the next note at 
random, provided it does not, for example, form a 
tartone, jump more than an octave, and so on The 
result is something which will pass a music examiner, 
or would have done in the past century, but 1s scarcely 
a composition Is ıs rather like asking a laboratory 
technician who can blow glass, solder, jom wood 
and nothmg more to cariy out an original piece of 
research, 

This writing of a canto fermo 1s not the sole musical 
experience of this particular electronic computer 
There are others, and the authors have gone so far as 
to orchestrate them for string quartet Read as scores 
(grven m the text) they are not very impressive 
One cannot expect to create a mechanical Bach o 
Mozart, but 15 evidently takes more than a few pro- 
grammes to endow ow robot with the divme afflatus 
which could produce even a simple folk tune Never- 
theless, these experments are amusmg and the 
account of them 1s well written, so that one does not 
need to be a habitué of the computer room to under- 
stand what the authors were plannmg 

E G RICHARDSON 
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SEMICONDUCTORS 


Optical Properties of Semi-Conductors 
By Dr T S Moss (Semi-Conductor Monographs ) 


Pp x+279 (London Butterworths Sorntifio 
Pubheations; New York Academic Press, Ine, 
1959) 50s 


Fluctuation Phenomena in Semi-Conductors 

By Prof A Van der Ziel (Semi-Conductor Mono- 
graphs) Pp vin-c-168 (London Butterworths 
Scientific Publications, 1959 ) 35s 


Progress tn Semiconductors 

Vol 3 Edited by Dr Alan F Gubson, Prof R E 
Burgess and Prof P Agram Pp vwi+210 
(London Heywood and Co, Ltd, 1958) 55s net 


An Introduction to the Theory and Practice of 
Semiconductors 

By Dr A A Shepherd Pp 206 (London Con- 

stable and Co, Lid, 1958) 18s 6d net 


ALF of Dr Moss’s book gives a general discussion 
of the theory of optical effects m sohds The 
other half prosents summaries of the optical proper- 
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ties of a range of semiconducting olements and com- 
pounds Although these summaries are brief they 
are meaty and well supplied with references and would 
seem a useful supplement to a general text-book on 
sohd state physics a remunde of the complexity 
of the subject and of the tenuous physical basis of 
some of the more elaborate mathematics 

Prof A Van dei Ziel has wiitten a clear and 
thorough book on the present status of the theoretical 
and experimental work on fluctuation phenomena, or 
electrical ‘noise’ m semiconductors Both the above 
books aie in the series of “Semiconductor Mono- 
giaphs”’ 

Volume 3 of "Progress m Sem:iConductors 
includes articles entitled the magnetoresistivity of 
germanium. and silicon , the chemical purification of 
germanium and silicon, electronic conductivity of 
silver hahde crystals, silicon junction diodes, 
lifetime of excess carriers in semiconductors, scat- 
termg and dift mobility of carriers in germanium , 
and electromie processes in cadmium sulphide An 
index 1s provided 

Some years ago the study of silicon and germanium 
became a popular fohe and vast sums have been 
devoted to ıt But even if these elements seem 
predommant when looking out from the centre of 
a vast industrial structure bwlt upon thew semu- 
conducting properties, the student of semiconduetors 
should surely have the subject presented with moie 
yadiciously chosen proportions Despite its title, 
“An Introduction to the Theory and Piactice of 
Semiconductors”, Dr A A Shepherd’s book is mamly 
iestiicted to some technological aspects of the 
adamantine structures R A Hyman 


INTERNATIONAL CONFERENCE 
OF RADIO ASTRONOMERS 


Paris Symposium on Radio Astronomy 

Held from 30 July to 6 August, 1958 Edited by 
Ronald N Bracewell (International Astronomical 
Union International Scientific Radio Union) 
Pp xu4-612 (Stanford, Cahf Stanford University 
Press, 1959 ) 15 dollars 


ORE than 160 of the scientists who work m the 

rapidly growmg branches of radio astronomy, 
or m related subjects, attended a symposium m 
Paris m July 1958 This was a useful prelummary 
meeting to the tenth Assembly of the International 
Astronomical Union in Moscow a month later 
The volume under review contains the proceedings 
of the Paris symposium, and the editor and publishers 
are to be congratulated that they have fulfilled the 
tıme-table outlined for the symposium, and have 
produced this large volume of proceedmgs within 
twelve months of the meetings The volume is 
divided mto sıx parts, each of which opens with an 
introduetory lecture given by one of the leading 
scientists m the field There follow 10-30 papers, and 
significant contributions to the discussion which 
followed each paper, or group of papers Particularly 
valuable are the concluding lectures at the end of 
each part of the book In these lectures distin- 
gushed astronomers attempted to relate the often 
diveise individual papers, and to emphasize those 
parts of the subject where theoretical discussion 
or further observations seemed to be most 
needed 
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The first half of the book deals with radio studies 
of the solar system There is a short section on 
radio-echo observations of the Moon, and on the 
thermal radiation at mullunetre wave-lengths from 
the Moon, Venus, Jupiter and Saturn This is 
followed by a much longer section on radio observa- 
tions of the Sun, and the classification and interrela- 
tion of the variable solar emissions 

The second half of the book contains two sections 
dealing with the emissions from galactic and extra- 
galactic sources, and the study of galactic structure 
by means of the 2l-cm lme of neutral hydrogen 
Some may regret that the papers on hydrogen line 
work are divided rather artificially between these 
parts 3 and 4 of the book, but all must weleome the 
successful ‘marriage’ of observations from Leyden 
and Sydney, to give a map of om galaxy wluch is 
almost complete, and very detailed The accuracy 
of this work has led to a re-definition of the galactic 
pole which is more accurate by an order of magnitude 
than the earher definition based on optical observa- 
tions The detection of radial motions of the gas m 
the central paits of our galaxy will act as a futher 
stimulus to the theoretical work on the stability of 
spiral structures 

Section 5, on discrete sources and the universe, 
contams probably the most vigorous of the discus- 
sions at the symposium This centred about the 
problems, first, of the great preponderance of the 
radio sources with which optical objects have not yet 
been identified, and, secondly, the attempts to extract 
cosmological information about the origm and evolu- 
tion of the universe from the statistics of the unidenta- 
fied sources More measurements of angular size 
and source intensity are urgently needed, so that the 
sources may be classified by their surface brightness, 
and the statistics of a reasonably homogeneous group 
of sources can be studied There are grounds for 
hope that radio astronomers can provide observations 
of cosmological significance, but these results have 
probably still to appear 

The last part of the book 1s on the theory of solar 
and cosmic emission mechanisms There is now wide 
agreement that most non-thermal cosmic radiation 1s 
generated by a synchotron process, in which electrons 
moving with relativistic speeds suffer accelerations 
and spiral motion in magnetic fields One outstanding 
problem is the connexion between the relativistic 
electrons and the cosmic-ray flux and its energy 
distribution Some workers aigue that cosmic rays 
originate in supernova explosions Others suggest 
that the cosmic-ray flux 1s a manifestation of a 
universal hot gas from which the galaxies condensed 
On this latter theory, radio emission occurs whenever 
the magnetic field ıs increased by compression of the 
gas, which may be due to local cooling, to stellar 
explosions, or to galactic interactions 

The radio studies of the solar system and of the 
galactic and extra-galactic 1adio sources had seemed 
rather distinct, though one speaker emphasized that 
they were linked by an incomplete understanding of 
the mechanisms of emission Simple extrapolation 
suggests that the proceedings of a further conference 
would fill a volume of unmanageable size Perhaps 
any future symposium could be divided even more 
clearly, so that the proceedings could appear m 
separate, smaller, and less expensive volumes 

This volume 1s hberally supphed with diagrams, 
tables and half-tone photographs, and there are very 
few printers’ errors It will be an extremely useful 
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and up-to-date reference book and bibhography for all 
working m radio astronomy, though few will read 
every paper It 1s surely indispensable to all libraries 
with an astronomical section, and those who can 
afford private copies will find it very easy to lend to 
ther astronomical friends H P PALMER 


MODERN INORGANIC CHEMISTRY 


Advances in Inorganic Chemistry and Radio- 


chemistry 
Vol 1 Edited by H J Emeléus and A G Sharpe 
Pp x:--480 (New York: Academic Press, Inc , 
London Academic Press, Inc (London), Ltd , 1959 ) 
12 dollars 


Y À TITHIN the past twenty years inorganic chem- 

istry has recovered from a morbund state to 
be, with radiochemisti y, @ fast-growmg and extremely 
active branch of chemical science Modern inorganic 
chemistry ranges fiom physical chemistry and pwe 
radiation chemistry through analytical chemistry to 
the study of oigano-metalhe compounds Itb 1s satıs- 
fymg that this present volume reflects this wide 
iange of interest 

In the first chapter, H Taube wiites on ‘‘Mech- 
amsms of Redox Reactions of Simple Chemistry” 
This chapter ıs difficult 1eadmg for the non-specialist, 
who ıs not helped by a lack of clearness of the 
definitions of the various terms used However, the 
actual discussion is extremely clear and contams 
many details of reactions which the inorganic and 
analytical chemist tend to think of as simple but 
which are, as yet, very imperfectly understood The 
other chapter of mterest to the analytical chemist 1s 
on “Activation Analysis", by D H F Atkins and 
A A Smales This review should be of use to all 
interested in the determmation of microgram and 
sub-muicrogram quantities of the elements, but would 
have been improved by a comprehensive table of the 
various isotopes and methods used m analysis Agam, 
on the physical side T C Waddington has given an 
mmportant review of "Lattice Energies and Their 
Significance m Inorganic Chemistry” The author 
meludes a brief survey of methods of calculation 
followed by tables of values, many of them newly 
calculated G Harbottle and N Sutm have written 
on “The Szilard-Chalmers Reaction m Solids” As 
an morgamc chemist, I found this chapter dis- 
appomtmg, as the tieatment is mainly from a 
physical pomt of view and the chemical effects of 
the Szilard—Chalmers reaction are not dealt with in 
great detail 

On the structural side, W N Lipscomb writes on 
“Recent Studies of the Boron Hydrides” The order 
that X-ray crystallography and topological treatment 
of these and related compounds has brought to this 
previously imtractable subject ıs one of the most 
sesthetically satisfying developments in modern 
morganic chemistry W Rudorff discusses “Graphite 
Intercalation Compounds” In view of the extensive 
use of graphite, often under the most rigorous con- 
ditions, in industry the importance of the study of 
these compounds 1s clear 

Finally, there are three articles on purely organic 
subjects “Compounds of Aromatic Rmg Systems 
and Metals” by E O Fiseber and H P Fritz i8 
potentially a most interesting chapter on a field 
which has only oxisted for the past eight years 


NATURE 


December 5, 1959 


Although factually almost complete, the chapter 1s 
disappomtmg because lack of tabula. presentation 
of the material makes comparison and cross-reference 
difficult N L Paddock and H T Searle write on 
“The Phosphonitribe Halides and Ther Derivatives" 
There ıs currently a very rapid development in the 
field of morganic polymer chemistry, and this chapter 
does full justice to one homologous series Finally, 
R J Gillespic and E A Robinson deal with “The 
Sulphuric Acid Solvent System” The use and study 
of non-aqueous solvents is now widespread m m- 
orgame chemistry and this chapter discusses the 
morganie &ppheations of what 1s probably the best 
understood system 

The volume 1s extremely well produced and almost 
free from typographical errors, the omussion of all 
the arrows from one Born-Haber cycle bemg the 
most noticeable mistake My major regret is that 
the high price will probably mean that ıt will be 
purchased only by libreiies, and for the complete 
success of reviews they should be owned by the 
imdividual There is certamly a need for a volume 
of reviews on morganic chemistry, and if the editors 
ean obtain articles of the present standard and inter- 
est for succeedmg volumes the success of the series 
18 assured D W A SHARP 
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CLASSICAL CHEMICAL ANALYSIS 


Comprehensive Analytical Chemistry 

Edited by Prof Cecil L Wilson and David W 
Wilson Vol la Classical Analysis. Pp x1+577 
(Amsterdam Elsevier Publishng Company , 
London D Van Nostrand Company, Ltd, 1959) 
105s 


HIS book forms the first part (a) of Vol 1 of 
Elsevier's “Comprehensive Analytical Chemis- 
try" which is to consist of five distinct volumes, some 
contamung several parts Vol la (to be followed by 
16 and le) deals with classical methods of analysis 
and contains six distmet chapters ach chapter 
contains contributions from authorities m particular 
fields of analytical chemistry and there are, including 
editorial contributions, a total of nmeteen mdividual 
authois in the present book 
The subject-matter is essentially of an introductory 
and general nature which is of importance m all 
branches of analytical chemistry , but meluded also 
are processes of sufficiently long standing that they 
can come under the general heading of ‘Classical 
Analysis Chapter 1 ıs the editorial introduction 
to the entme work This is followed by a chapter 
headed “Analytical Processes", which contains sec- 
tions on materials, sampling, statistics, weighing, 
measurement of volume, solvent extraction, organic 
reagents in inorganic analysis, and occupies some 
220 pages Chapter 3 (87 pages) deals exclusively 
with gas analysis, Chapter 4 (68 pages) with morganic 
quahtatve analysis, and Chapter 5 (32 pages) with 
organic qualitative analysis Chapter 6 (115 pages) 
treats the subject of morgame gravimetric analysis 
In the main, this first part lives up to the standard 
expected from the general title, but m certain 
sections individual bias has prevented a truly com- 
prehensive presentation of material and this 1s most 
marked in the chapters on morgame and organic 
qualitative analysis Here one might reasonably 
have expected to find a critical account of the various 
systems and schemes of analysis rather than a detailed 


December 5, 1959 


discussion of one preferred system Fortunately, 
this does not happen to any such extent m other 
chapters, ın fact, the chapter on gas analysis goes 
almost to the othe: extreme and presents the mpor- 
tant aspects of the subject in a methodical and eritical 
way 

Altogether, ‘ Comprehensive Analytical Chemistry” 
has got away to a good start There are bound to 
be a number of blemishes ın such an ambitious work, 
but whether these will detract seriously from the 
value of the completed volumes 1s scarcely answerable 
at present Undoubtedly this will become a standard 
reference work in analytical chemistry, but lke all 
such extensive publishing projects, there 1s a consider- 
able danger that, by the tıme the final volume comes 
from the press, the earlier volumes will be outdated 
The rapid development of new methods and tech- 
niques m many branches of analytical chemistry 
tends to lessen the value of this encyclopaedic type of 
text, except as a means of collecting together the 
available information at the time of writing Too 
often publishing delays result m the presentation of 
much out-dated material, which the authors and 
editors are powerless to prevent 

This book has the dubious advantage over four 
other (tothe reviewer's knowledge) similar projects 
in bemg first in the field As such 16 18 bound to come 
in for a good deal of comment not all of which will 
be friendly Nevertheless, on the basis of this first 
volume, an appreciably high standard has been set 
for the complete work, and the appearance of the 
subsequent parts and volumes is awaited with 
considerable interest ^ Elsevier are to be congratu- 
lated on the fine printing and particularly the bmdmg 
of this book which, as the series 1s completed, will 
add grace to the shelves of many libraries 

WILLIAM I STEPHEN 
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ION EXCHANGE 


lon Exchange Resins 

By Robert Kunin. Second edition Pp. xin--466 
(New York: John Wiley and Sons, Inc , London 
Chapman and Hall, Ltd , 1958) 88s. net 


lon Exchange 

A Laboratory Manual By Dr J E. Salmon and 
D K Hale Pp vu+136. (London Butterworths 
Scientific  Pubheations, New ‘York Academic 
Press, Inc , 1959) 25s , 5 dollars. 


\ X T HEN the first edition of “Ion Exchange Resins” 
by Kunin and Myers appeared m 1950 it 
was only the second book on the subject m the 
English language Since then, five more such books 
have appeared However, only two of these bave 
attempted general treatments of the subject and 
these two are brief monographs There is stall, 
therefore, plenty of scope within the covers of a 
single volume for a full length up-to-date account m 
English of 10n exchange m. all its aspects, fundamental 
and apphed Thisis what Dr Kunin has attempted 
He has certamly succeeded in considerable measure 
The present work 1s both bigger and better than the 
first edition Dr Kunim’s greatest successes are in 
the chapters on 1on exchange application, He has 
done less well on the fundamental side 
Some of the faults of the first edition are still to be 
found here a large number of diagrams, not always 
very clearly labelled or explamed in the text, the 
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oceasional full account of older (sometimes obsolete) 
theories (particularly of 10n exchange equilibria) with 
an inadequate amount of some of the recent work 
In dealing with cation. exchange kinetics ofi carboxylie 
exchangers Dr Kunin iepeats almost verbatim the 
account given in the first edition The only reference 
he quotes m connexion with this topic 1s some work 
of Kunm and Barry in 1949 A few papers on this 
topic have been published since then but no mention 
iS made of them In particular, he ignores the 
mpoitant theory of Bauman, which many would 
consider to be at least as plausible as the theory of 
Kunin and Barry However, the chapter on the 
synthesis of ion-exchange iesms 1s a very geat 
improvement on that m the earlier edition and there 
are excellent chapters on permselective membranes 
and catalysis with ion-exchange resins In general, 
anyone reading the more fundamental parts of this 
book would be advised to refer also to other books 
(Kitchener or Griessbach) to check, supplement or 
correct the impressions gamed However, this book 
may be recommended as a useful reference work, 
particularly with regard to ion-exchange apph- 
cations 

Dr Salmon and Mr Hale have broken completely 
new ground in their book This splendid httle book 
1s an attempt (the first, so far as I know) to teach 10n 
exchange to students by means of a carefully planned 
series of experiments The first five chapters form a 
theoretical introduction to the remamder of the 
book, which contams the expermments The discus- 
sions of the experiments form a particular feature of 
the book and they are both clear and stimulatmg 
The authors’ statement (p 116) that "The regenera- 
tion of a mixed-bed column is not readily achieved 
with small laboratory columns" may not command 
universal assent, and the consequent omission of 
any account of such regeneration procedures is open 
to criticism Indeed, many workers would probably 
prefer a straightforward muixed-bed column for 
deaonization to the three-stage procedure deseribed 
by the authois However, these are comparatively 
mmor points which later editions may remedy 
This book deserves every success, as 1t should be useful 
not only to students but also to all laboratory workers 
who have anything to do with the practical side of 
10n exchange D REICHENBERG 


GEOCHEMICAL RESEARCH IN THE 
UNITED STATES 


Researches in Geochemistry 

Edited by Philip H Abelson Pp x4-511 
York John Wiley and Sons, Ine , 
Chapman and Hall, Ltd, 1959) 888 net 


HIS book, edited by the Director of the Geo- 
physical Laboratory, Washington, 1s the outcome 
of a sommar series in geochemistry organized by the 
Geophysical Laboratory and held there, and at the 
Johns Hopkins University, durmg the academic year 
1957-58 
It gives a valuable conspectus of current geo- 
chernical ieseaich m the United States, and the wide 
range of topies covered 1s best indicated by listing 
the titles of the contributions (authors! names in 
biackets) sedimentation on the ocean floor (G O S 
Arrhenius), pp 1-24, rates of geochemical reactions 
at low temperatures and pressures (R M Gaarels), 
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pp 25-37, geochemical indicators of marme and 
fresh-water sediments (M L Kerth and E T Degens), 
pp 38-61, geochemical prospecting (HA E Hawkes), 
62-78 , geochemistry of organic substances 
(P H Abelson), pp 79-103, some chemical aspects 
of petroleum genesis (W E Hanson), pp 104-117, 
mineral assemblages of the Green River Formation 
(C Milton and H. P Hugster), pp 118-150, tritium 
im hydrology and meteorology (W F Libby), pp 
151-168, measurement and use of natural radio- 
carbon (H de Vries), pp 169-189, geochronology 
(G R Tilton and G L Davies), pp 190-216, the 
variation. of the 180/10 ratio m Nature and some 
geological umpheations (S Epstem), pp 217—240, 
isotopic fractionation of sulphur in geochemical pro- 
cesses (W U Ault), pp 241-259, the use of equi- 
hbrium calculations in finding the composition of a 
magmatic gas phase (K B Krauskopf), pp 260-278 , 
the chemical environment of ore deposition and 
the problem of low-temperature ore transport (P B 
Barton, Jr), pp 279-300. sulphide systems as geo- 
logical thermometers (G Kullerud), pp 301-335, 
some aspects of the geochemistry of carbonates 
(J R Goldsmith), pp 336-358, diffraction effects 
of short-range ordermg m layered sequences (F 
Chayes), pp 359-376, hydrothermal mvestigations 
of amphiboles (F R Boyd), pp 377-396 , reduction 
and oxidation m metamorphism (H P  Eugster), 
pp 397-426 , local equilibrrum m metasomatie pro- 
cesses (J B Thompson, Jr), pp 427—467 ; activation 
analysis applied to geochemical problems (G W 
Reed), pp 458-475, chondrites and the chemical 
composition of the Earth (G J F MacDonald), pp 
476-494, equations of state and polymorphism at 
high pressures (S P Clark, Jr), pp 495-511 Each 
article has a good selected bibliography, and the 
book is well produced and prmted It is to be 
regretted that there 1s no index 
It would be mvidious to smgle out particular 
articles where all are of high standard, and ıb 1s 
sufficient to say that this book should be of great 
interest not only to geochemists wishing to have 
authoritative accounts of work in fields other than 
ther own but also to geologists m general 
S R Nocxorps 


HETEROCYCLIC CHEMISTRY 


Chemistry of Carbon Compounds 
A Modern Comprehensive Treatise Edited by Dr 
E H Rodd Vol 4, Part B+ Heterocyclic Com- 
pounds Pp xvui-}+-809-1464 (Amsterdam Else- 
vier Publishmg Company, London D Van Nos- 
trand Company, Ltd , 1959) 100s 


s-Triazines and Derivatives 

By Edwin M Smolin and Lorence Rapoport (The 
Chemistry of Heterocyclic Compounds a Series of 
Monographs, Vol 13) Pp xxiv-+644 (New York 
Interscience Publishers, Inc , London Interscience 
Publishers, Ltd., 1959) 226s net 


OTH the above works are massive volumes of 
well over sıx hundred pages which are packed 
with detailed imformation to give a true review, 
that 18, one which critically assesses the contents 
and their presentation, of either volume in a short 
space 18 therefore almost mmpossible 
Vol 4B of Rodd’s “Chemistry of Carbon Com- 
pounds" is an impressive work, m which a uniformly 
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high standard is mamtamed by the seven contri- 
butors Dr Neil Campbell has written a considerable 
chapter on six-membered rmg compounds having 
oxygen and/or sulphur m the ring, thus meluding 
m particular pyran, chromen, benzochromens, the 
corresponding thia-analogues and the many deriva- 
trves of each class He has also contributed a shorter 
chapter on compounds having two fused five- or 
six-membered rings with a nitrogen or oxygen atom 
m each rmg ‘These chapters are divided by an 
account by Sir Robert Robinson of brazihn and 
hematoxylin this article by so great an authority 
makes one deeply regret that Sir Robert has been too 
busy to make further and fuller contributions to the 
volume An excellent chapter on the cyanine and 
related dyes, giving a necessarily condensed but very 
clear account of this vast range of fascinating com- 
pounds, has been written by Dr G de W Andeison 

Dr T S Stevens has contributed a chapter on the 
indigo group, and another very considerable chapter 
on the pyrrole pigments, which contains among many 
other interesting subjects an excellent account of the 
chemistry of chlorophyll and of vitamin Bi, Dr 

Stevens has also collaborated with Dr Ishbel G M 

Campbell m a final chapter on “Compounds contammg 
Unusual Hetero Atoms”, that 1s, silicon, phosphorus, 
arsenic, antumony, bismuth, halogen and certain 
metallic atoms This deals with a section of hetero- 
eyclie chemistry which 1s usually omitted im text- 
books, but which ıs of absorbing interest m its own 
right, apart from bemg a refreshmg change from 
nitrogen compounds It can be strongly recommended 
as & really modern review of this field Incidentally, 
the chemistry of silicon and phosphorus is expanding 
so rapidly that these elements will soon cease to be 
‘unusual hetero atoms’ 

The editor and the contributors are to be warmly 
congratulated on this excellent volume, which will 
so greatly enhance the value of the complete work 

"s-Trrazmes and Derivatives” is the thirteenth 
volume to appear in the Interscience “Chemistry of 
Heterocyclic Compounds" Series, which has now 
become by far the major series to give a modern 
account of this vast division of organic chemistry 
The authors state that the subject-matter of this book 
was origmally mtended to be part of a single volume 
dealing with triazines and tetrazines, but that the 
immense amount of material necessitated two 
volumes, the first, on 1,2,3- and 1,2,4-triazines and 
tetrazimes by Drs Erickson, Wiley and Wystrach, 
having been recently pubhshed as the tenth volume 
m the series, and this second volume 1s now devoted 
to s-triazines, including the purely inorganic system 
S-triazaboranes 

This volume deserves to receive a wide welcome, 
fiom both academic and technical chemists Many 
academic chemists have only a general knowledge of 
many of the classes of compounds discussed, and 
should warmly welcome the clear and detailed account, 
here presented many of these compounds, moreover, 
are of considerable and steadily mereasmg technical 
application, and the volume should therefore also 
be of great mterest to technical chemists As an 
example, the chemistry of cyanuric acid, its halides, 
esters and othe: derivatives 1s discussed m a chapter 
of 120 pages the treatment ranges from a very full 
discussion of the physical properties of cyanuric acid 
to the application of 1ts derivatives in many branches 
of chemistry such as dyestuffs, pesticides, resins, 
explosives and also m medicme Melamine and 
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*socyanuric acid are two other compounds of con- 
siderable theoretical and technical interest, and a 
chapter ıs devoted to each compound and its deriva- 
tives Condensed ring s-triazine systems, and hexa- 
hydro-s-triazmes also receive a detailed and logical 
discussion 1n separate chapters All the above com- 
pounds contain the same six-membered ring system 
of alternating carbon and nitrogen atoms, usually 
of considerable stability The reader therefore may 
come with some surprise to hexamethylenetetramme, 
the whole chemistry of which ıs so different from that 
of the preceding compounds this compound does, 
of course, contain three such rings fused uniquely 
together, and the full account of its reactions 18 to 
be greatly welcomed Both morganic and organic 
chemists will also welcome the final chapter on s- 
triazaboranes 

The author and the publishers may be justly 
proud of this volume, which will give added strength 
to the whole Interscience series The reviewer feels 
that the chemical pubhe are also mdebted to the 
American Cyanamid Co , which has ensured facilities 
for the writing of this considerable volume by two 
members of 1ts staff, and also for the contribution to 
Vol 10 by another member, Dr Wystrach 

F G Mann 


~ ENZYMES 


Outlines of Enzyme Chemistry 

By J B Neiands and Paul K Stumpf With a 
Chapter on the Synthesis of Enzymes by Roger Y 
Stanier Second edition, revised and enlarged Pp 
xu+411 (New York John Wiley and Sons, Inc , 
London Chapman and Hall, Ltd, 1958) 68s net 


The Enzymes 
Edited by Paul D Boyer, Henry Lardy and Karl 
Myrback Vol I Kumeties, '"Thermodynamuies, 
Mechamsm, Basie Properties Second edition, com- 
pletely revised Pp xm+785 (New York Academic 
Press, Ine , London Academic Books, Ltd , 1959 ) 
24 dollars 
HE two books reviewed here deal with the same 
subject but at a very different level They are 

aimed at different readers, but each m rts class should 
prove extremely valuable 

This second edition of “Outlmes of Enzyme 
Chemistry", by Drs Neilands and Stumpf, has under- 
gone considerable changes and has expanded by 
about one-thnd compared with the first edition It 
is intended for the begmne: and gives a concise and 
fairly elementary coverage of the whole field of 
enzymology Also mcluded 1s a certam amount of 
background material which will be very helpful to 
the student, for example, there is an excellent 
section on physical chemistry which leads smoothly 
into the discussion of enzyme kinetics Some chapters 
carry the maternal to a very advanced level, and the 
book will undoubtedly be useful to many 1esearch 
biochemusts as a reference book A new feature is an 
alphabetical hst of more than five hundred enzymes, 
with some properties and key references 

A large number of references 1s given throughout 
the book, but then selection appears im places to 
have been rather random The density of docu- 
mentation is rather uneven, for example, there are 
only sixteen references after a chapter om oxidation- 
reduction, but 136 to a chapte: on the classification 
of coenzymes 
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Vol I of “The Enzymes”, under the editorship of 
Boyer, Lardy and Myiback, 1s the first of a series of 
four volumes to 1eplace Sumner and Myrback’s “The 
Enzymes Chemistiy and Mechanism of Action", 
which smce its publication m 1950 has become a 
classic work of reference It 1s not m any real sense 
a second edition, but a completely new work by new 
authors, arranged m a different way As the editors 
state in the preface, much of the material will be 
“supplemental to that of the previous edition and 
thus the previous edition will continue to serve as a 
useful reference woik in certain areas" The new 
series will not deal with metabolic 1elationships, nor 
will ıt contam details of methods of preparation, etc , 
which can be found m the companion treatise, 
“Methods m Enzymology” The am 1s to give a full 
account of enzymes and enzyme action “on a mole- 
cular level” 

Vol 1 ıs devoted to kmetics, thermodynamics, 
mechamsm and basic properties It stands on its 
own, in fact, as a text-book on the fundamental 
punerles of enzymology There are four excellent 
chapters on enzyme kmetics, mcluding a historical 
survey by H L Segal and the development of the 
complete steady-state rate equation by R A Alberty. 
The mechanism of enzyme action is discussed inter 
aha by R Lumry, D E Koshland, P D Boyer and 
H Fraenkel.Conrat There is a useful review of 
structuwial and ste.eospecificity by H Gutfreund 
Probably the most difficult chapters are by P George 
and J S Guffth on ‘Electron Tiansfer and Enzyme 
Catalysis”, and by R J P Wilhams on “Co-ordma- 
tion, Chelation and Catalysis’, but many enzymo- 
logists concerned with oxidation systems will be 
extremely g1ateful for these carefully written accounts 
of relevant fundamental chermstiy Although much 
of the book is concerned with the fundamental 
chemustiy of enzymes and enzyme action, the final two 
chapters, on enzyme mduction by M R Pollock, and 
on the control of enzyme activity by A B Pardee, 
introduce a more biological note 

There ıs no doubt in the reviewer's mind that, if 
the standard of this fist volume is mamtained, 
“Boyer, Lardy and Myrback” will be a worthy 
successor to the ubiquitous “Sumner and Myrback” 

Epwin C WEBB 


HUTCHINSON'S ‘FAMILIES’ 


The Families of Flowering Plants 

By Dr J Hutchinson Second edition Vol I 

Dicotyledons Pp xi4510 Vol 2 Monocotyle- 
dons Pp vwm+511-792 (Oxford Clarendon 
Press, London Oxford University Press, 1959) 
147s net the two volumes 


HIS well-known work by Di J Hutchmson was 

first published in 1926 (Vol 1) and 1934 (Vol 2), 
and has long been out of print; a second edition, m 
which the treatment of the dicotyledons has been 
expanded and greatly altered, has now been produced 
by the Oxford University Press This new edition 
will be welcomed by those mterested m changing 
views about the evolutionary relationships of flower- 
mg plants and will be useful to students of taxonomy 
(if they can afford to buy 1) 

To begn with, 16 may be said that Vol 218 unaltered 
except for the addition of one family and of genera 
which have been described smce 1934, so that this 
review will be concerned mainly with the first volume 
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The two most striking innovations ın this aro the 
extensive changes ım the order of the fanulies and the 
&ddition of no fewer than 76 families, not recognized 
in the first edition It seems unfortunate, m view of 
this and of its special mterest, that Degeneria even 
if not accorded famuly rank should not be given 
fuller treatment 

Dr Hutchinson mdicated m 1926, and has since 
emphasized, his belief in the fundamental importance 
of the difference between the woody and the herbace- 
ous habió i» dicotyledons This view reaches its full 
expression here, and when combined, as 16 18, with the 
rejection of the customary criteria of polypetally and 
sympetally, leads to a complete rearrangement of 
famihes Opmuons will differ about the validity of 
this basis, but two things are certam there 18 at 
present no means of proving or disproving the truth 
of Dr Hutchmson’s views. and there is equally no 
denymg that for the general practitioner of angio- 
sperm taxonomy the adoption of the new system 
would be highly mconvenient 

This, of course, raises once again the question of the 
purpose of classrfication, and ıb appears that here 
there has been an attempt to achieve two rather 
incompatible ends 

The first and most unportant 1s the exposition of a 
new and revolutionary system of classification which, 
Dr Hutchinson believes, represents phylogenetic 
relationships and distinguishes them clearly from 
similarities due to parallel development from different 
stocks Here there 1s, of course, endless room for 
discussion and for disagreement as well as agreement, 
but certam difficulties, one might almost say incon- 
sistencies, soon come to light Why, for example, 
are the Malvaceae regarded as belonging to Lignosse, 
except to keep them near the Tihales * More than 
half the genera are wholly or partly herbaceous and 
the wood of many of the others 1s not particularly 
hard The Globulariaceae, placed in Herbaceao, seem 
much woodier 

The statement of general prmeiples adopted for 
classification 1s the same as in the first edition, though 
Some munor revisions might have been expected, 
notably m, the assertion that compound leaves are 
derived from simple ones The principles are not 
always rigorously appled or surely the Compositae 
would have displaced Labiatae as “the climax 
development of the fundamentally herbaceous line 
of evolution" 

The second purpose of this work, and one which 
will be found generally useful, 1s the concise descrip- 
tion of the families recognized and the provision of 
keys by which an unknown plant can be referred to 
its family From the purely practical point of view 
16 seems to me that 15 would have been more useful 
to have had this part of the book issued separately 
and arranged according to one of the better known, 
though phylogenetically unsatisfymg, systems. These 
systems are fossilized 1n. herbaria, and will romam so, 
since 15 18 impracticable to rearrange even a moderate- 
sized herbarum every time views on classification 
of famihes change Every working taxonomist 
will therefore continue to need an acquamtance with 
the systems of Bentham and Hooker and of Engler, 
so time would be saved and convenience increased if 
Floras and other reference books followed one of 
them 

If a separation of this kmd had been made ıt 
mught have been possible to devote more space under 
each family to & discussion of the reasons for the 
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The book 1s well produced, as 1s to be expected 
from the Oxford University Press, though a few 
musprints, such as '"Buddeeiaceao" on p 101, have got 
by, and the drawing of what appears to be Cheno- 
podrum capitatum m Fig 283 1s still unlabelled More 
serious 1s the absence of a numbe on p 19, though 
this page 1s referred to by number in the text, the 
omission 1s doubtless m accordance with the best 
typographical practice but is annoying when one is 
trying to look it up Even worse 1s the placing of the 
index to Vol 1 on pp 101-103 ‘for ready reference’ 
Reference would have been much easier if 1$ had been 
put at the end of the volume m the usual way, though 
there 1s a suggestion on p 101 that this was mtended , 
if so 1t was overlooked 

In spite of these drawbacks the book 1s well worth 
2 place in any botameal library for xs :conoclastic 
treatment of conventional ideas, which should provoke 
thought and argument, and for the practical valie of 
its keys and descriptions T G TUTIN 
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COCONUTS 


The Coconut Palm 
A Monograph By Dr K P V Menon and Dr 
K M. Pandala Pp xvi+384 (Ernakulam 
Indian Central Coconut Committee, 1957 ) Rs 38, 
85s , 1195 dollars. 


SOND monographs on the major crops are always 
welcome, not only to those with a specialized or 
professional interest but also to the general reader 
A new work on the coconut palm by Dr K P V 
Menon, director of the Central Coconut Research 
Station, Kayangulam, and Dr K M Pandalai, 
jomt director of the Central Research Station, 
Kasaragod, comes mto this eategory The volume 
1s published under the auspices of the Indian 
Central Coconut Committee, Ernakulam, South 
India 

The coconut palm, sometimes styled the “Tree of 
Heaven’, 1s still of unknown ongin though the best 
contemporary opmuions are m favour of a location m 
south-east Asia It now occurs in littoral regions 
throughout the Tropics In those regions, for 
example, India and Ceylon, where 1t 1s grown as a 
major crop, it not only constitutes the general 
economic basis but also provides many essential and 
accessory domestic materials The nut, tt need scarcely 
be said, 18 the prinerpal article of commerce Accord- 
ing to the authors, the present position in India 18 
that although there is indeed a vast production of 
nuts, this is still inadequate, and considerable 
imports of coconut products from Ceylon, Malaya, 
etc, are essential After a bad period m the 1930's 
and durmg the Second World War, the industry was 
m a parlous position To improve matters, the 
General Coconut Committee was set up m 1945 to 
take all necessary measures for the 1mprovement and 
development of the mdustry The present volume 
is one of the results of this new and important 
effort 

Several books devoted to the coconut have already 
been published In the present work use has been 
made of them and of other relevant information, the 
overall effect bemg that the reader is presented with 
an unusually full and thoroughly documented account 
of this crop m its many aspects The opening chap- 
ters are devoted to the origin and importance of the 
coconut, its general morphology, floral biology, 
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varieties, breeding and the effect of environmental 
conditions The following chapters deal with the 
production of quality planting materials, field culture, 
soul conditions, especially m their nutritive aspects, 
plantation management and yield Other chapters 
are devoted to diseases and pests, of which there ıs 
no scarcity There are also mteresting and useful 
chapters on the tapping of the plant for its juice, 
curiosities or abnormalities m the development of the 
plant, and the utihzation of its many and varied 
products In the final chapter, the many outstandmg 
problems m contemporary coconut research are 
discussed In attempts to mnprove the industry, ıt 
need scarcely be said that the mtroduction of varieties 
and strains, and a considerable breeding programme, 
occupy an important place 

The book is very fully documented and well 
illustrated, some of the coloured plates and photo- 
graphs bemg of very good quahty mdeed It ıs 
hard to avoid the impression that research on the 
coconut palm is by no means as advanced as ib 
ought to be, but what is known is faithfully pre- 
sented ın the volume under review 

C W WARDLAW 


HORMONES IN CRUSTACEANS 


Endocrine Control in Crustaceans 

By David B Carlisle and Sir Francis Knowles, 
Bart (Cambridge Monographs on Experimental 
Biology, No 10) Pp vu+120+5 plates (Cam- 
bridge At the University Press, 1959) 21s net 


OMPACT books, along with compact cars, pro- 
vide a welcome relief m some of the more crowded 
parts of this world. Limited size, but not this 
alone, contributes to the popularity of the series of 
monographs of which "Endocrine Control m Crus- 
taceans" is Number 10 Dealhng mamly with 
developments of the past ten years, this book dis- 
cusses the phenomenon of neurosecretion and con- 
tributions to this relatively new field resulting from 
studies on the Crustacea Neurones, modified for 
secretion, have been found m most animals that have 
been examined, but their organization into systems 
and the roles of the neurohormones that these systems 
produce are best understood m the vertebrates, 
insects and Crustacea The last-named have three 
principal types of neurosecretory systems the so- 
called sinus gland system, the post-commissural organ 
system and the pericardial organ system In each 
of these, the neurones end on blood spaces and release 
their products mto the circulation, where they are 
distributed throughout the body to control a wide 
variety of physiological processes In this book 
one finds a, discussion of the anatomy of these systems, 
meluding fine structure, and the chemical nature and 
physiological actions of the hormones that they 
produce 
Since the sinus glands have been shown to consist of 
groups of nerve endings, modified for storage and 
release, only the rather recently described Y organs 
remain as ‘true’ endocrine glands in the Crustacea 
Their role m the control of moulting and their obvious 
relation to the prothoracic glands of insects are 
discussed 
The authors pomt out some of the confusion that 
surrounds the identification and naming of compon- 
ents of the X organ-sinus gland system This arises, 
m part, from the mcomplete evidence that the 
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‘sensory-pore X. organ’ 1s an important endoorme 
structure and the apparent desire on the part of some 
workers to lmk one important group of neurosecretory 
cell bodies of the eyestalk, the medulla termmalis 
ganglionic X organ, with the original X organ com- 
plex of Hanstrom This matter and others pertaming 
to crustacean endocrines will be clarified m the next 
decade by workers who will find this compact book 
a most helpful résumé of our current understanding 
of this field J H Wers 


RENAISSANCE ANATOMY 


A Short Introduction to Anatomy (Isagogae Breves) 
By Jacopo Berengario da Carp: Translated with an 
Introduction and Historical Notes by L R Lmd, 
and with Anatomical Notes by Paul G Roofe. Pp 
xi1+227 (Chicago University of Chicago Press, 
London Cambridge University Press, 1959 ) 37s 6d 
net. 


ACOPO BARIGAZZI (c 1460-1530), or, as he 1s 

traditionally known, Berengario da Carpi, was a 
near-contemporary of Leonardo da Vinci, whose 
magnificent amateur exploration of the human body 
stands m fascmatmg contrast to the work of this 
competent but unmspired professional — Berengario 
was a successful physician among the tough charac- 
ters of Renaissance Italy Whatever the merits of his 
medical practice (he cured Lorenzo de’ Medici of a 
skull wound but Cellm:i reports that he crippled scores 
of wealthy syphilitics m Rome), he was vigorous, 
graspmg and unscrupulous His learning m medicine 
was of the old fashion rather than the new, and his 
anatomical nomenclature was full of Arabisms which 
the humanists were soon to replace by Greek terms 
In this and other ways Berengario denotes anatomy 
m transition from the medieval world to the more 
modern one of Gunther, Sylvius, Vesalius and other 
expositors of the genume Galen 

Nevertheless, Berengario 18 an mmportant figure m 
the history of anatomy, one who would have been 
more significant 1f the pace had not so rapidly acceler- 
ated ın the next generation He was certamly experi- 
enced, even though his clam to have dissected 
hundreds of bodies must refer to autopsies rather than 
scientific dissections New discoveries and important 
corrections of traditional errors are attributed to 
him, and he seems to have performed some original 
experiments to study the working of the body His 
illustrations, though few, are superior to all preceding 
ones If these and his text pale in comparison with 
those of Vesahus twenty years later, Berengario and 
others show that the study of anatomy was proceeding 
actively long before Vesahus took up the scalpel 

Berengario’s chief work was a Commentary (1521) 
on the fourteenth-century anatomy of Mundmus 
In the followmg year he published a shorter com- 
pendium (‘‘Isagogae breves") of human anatomy 
This has now been translated by Dr Lind, who ten 
years ago printed an English version of Vesalius’ 
“Epitome” ‘Berengario writes as a practical guide 
to dissection , thus the student ıs mstructed “Leave 
the left kidney 1n its place until the spermatic vessels 
are exammed Cut the right kidney im its hollow 
through the middle, examining the place of the vem 
and of the great artery itself ? Anatomy 18 accom- 
pamed by brief remarks on the temperaments, funo- 
tions and diseases of the structures described The 
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approach is direct, and the object the instruction of 
beginners Accordingly, Berengario wrote a text 
lacking all hterary charm and speculative interest, 
which the translator cannot greatly embellish In 
fact, Dr Lind has adhered rather closely to the 
original, with a result that 1s stiff and in some places 
could mislead an unwary reader A sentence (refer- 
ring to the chest) such as “The lateral parts are called 
ribbed and the sides and the region of the breasts" 1s 
common enough in Latin but fails to convey any 
clear meaning in Enghsh Inevitably the translation 
abounds m technieahties, some those of the modern 
anatomist, others long disused It would have been 
more convenient to the reader (though more trouble- 
some to the prmter) to have supplied notes on the 
page, rather than ın two places at the end of the book 
From p 50, for example, there are two notes on. the 
"gudez vems”, one (p 202) by the anatomical 
annotator Dr Roofe simply identifymg them with 
the jugulars, and another (p 185) by the translator 
explaming the term at greater length Some of the 
figures reproduced are very defective and ıt is not 
clear whether they are always found ın this poor 
state 

In other respects this volume 1s handsomely pro- 
duced and ıt 1s very useful to have such a rare and 
influential work as Berengario’s (issued in English 
as late as 1660, though, of course, seriously out of 
date by then) made avaiable in a modern translation 
Tt gives a clear notion of the merits and limitations 
of Renaissance medical serence, and one can only 
wish that the far more sophisticated works of Vesalius 
and his successors were equally accessible For this 
reason Dr  Lind's translation will be valued by 
scholars and all who have an interest ın the develop- 
ment of medicme A R Hann 


EVOLUTION OF BEHAVIOUR 


Behavior and Evolution 

Edited by Anne Roe and George Gaylord Simpson 
Pp vin4-557 (New Haven, Conn Yale University 
Press, London Oxford University Press, 1958) 
80s net 


YMPOSIA are very much the fashion, and this 1s 
understandable enough since the rate of develop- 
ment of the mnumerable divisions and sub-divisions 
of science has now reached such a pitch that the 
difficulties encountered by a single author m attempt- 
ing to synthesize and summarize even a very small 
field of only one science are almost msuperable 
However much we come to depend on abstracting 
services, reviewing and summarizing journals and the 
like, we are apt to find ourselves famtly pursumg a 
rapidly receding objective Indeed, the rate of 
movement of some branches of science recalls nothing 
so much as the recession of the extra-galactic nebule 
—we fear communication will be lost, never agam 
to be re-established 
The volume under review is the outcome of two 
conferences in which thirty-two well-known biologists 
participated in the attempt to provide an authorita- 
tive report on the significance of behavioural studies 
for the general picture of animal evolution Many 
of the writers refer to the fact that you cannot 
separate behaviour from the mechanisms of behaviour, 
and that morphology and the adaptation of structures 
for particular purposes cannot be divorced from the 
study of the way in which the anımal uses those 
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structures This means strictly that a volume entitled 
“Behaviour and Evolution" should cover virtually 
the whole of zoology, from the palentological record 
through genetics, embryology and ecology to ethology 
and systematics and finally anthropology, ethnology 
and sociology 

Looked at in this way, 16 ıs seen that the subject 
is one for an encyclopedia or a library rather than a 
single book This attempt to cast the net so wide, 
while 1t has resulted m the provision of a number of 
interesting and worth-while chapters, has been 
detrimental to the book as a unit Scores of other 
chapters might well have been written Thus ıt 1s 
interesting and stimulating to read A S Romer on 
“Phylogeny and Behavior with Special Reference to 
Vertebrate Evolution”, and to learn what 1s known 
and what is guessed fiom the study of structure, of 
the behaviour of Brontosaurus, the Cephalaspids and 
other paleontological milestones But this, after all, 1s 
stuff which should be found m the elementary text- 
book and 1s of doubtful value as a contribution to a 
symposium volume Similar criticisms could be 
levelled at the chapter on “‘Food-gettmg Behaviour" 
by Marston Bates, on the ‘‘Axes of Behavioral 
Comparison" by Henry Nissen and Carpenter’s 
section on ''Territoriahty" All are interesting m 
themselves but all attempt to deal with such & wide 
and elementary field that the task 1s an impossible 
one 

What 18 ın need of modern critical summary 1s the 
place of behaviour in relation to genetics, m relation. 
to natural selection and adaptation resulting there- 
from, and the contribution of behaviour study to the 
understanding of such matters as 1solating mechan- 
isms and the nature of species and other systematic 
categories Taking this more restricted view of the 
subject, the book has a number of excellent chapters 
which make very rewarding and sometimes exciting 
reading The taxonomic aspects of behaviour study 
are admirably dealt with in two chapters, one by 
R A Hmde and N Tinbergen and the other by 
Ernst Mayr H T Spieth has a stimulating section 
on "Behaviour and Isolatmg Mechanisms", showing 
that while behavioural isolating devices are typically 
inate, they may also contam important learned 
elements A penetrating study of the place of behavi- 
our m adaptation as a result of natural selection is 
contributed by C S Pittendngh Here, however, the 
attempt to synthesize seems to have gone too far 
Tt 15 argued (1) that all organization 1s relative and 
directed towards an end , and (2) that the converse of 
organization 1$ 1andomness From thus ıt follows (3) 
that everythmg which is non-random must be 
directed towards an end, and (4) that com- 
plexity, organization and adaptation are in the 
last analysis recognized by virtue of them non- 
randomness—both of which statements sie surely 
highly doubtful 

The final section, Part 5, “Evolution and Human 
Behavior", while contaming some most mteresting 
contributions, agam falls rather outside any central 
theme that such a book can have Simpson, 1n his 
introductory essay and his epilogue, makes a valiant 
effort to pull the whole thing together and produce 
unity out of diversity a task beyond even him T 
believe a more satisfactory result would have accrued 
had the contributors been fewer m number, had they 
had longer m one another's company, and had ther 
discussion (carefully edited and 1evised) been inserted 
as links binding the whole together 

W H THORPE 
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LINEAR OPERATIONS AND 
CLASSICAL ANALYSIS 


Linear Operators 

By Nelson Dunford and Jacob T Schwartz Part 1 

General Theory (Pure and Apphed Mathematics 

a Series of Texts and Monographs, Vol 7) Pp 

xiv-++-858 | (New York Interscience Publishers, 

Tae ; London Interscience Publishers, Ltd , 1958 ) 
8 


No 4701 


Ta notion of a linear operator (transformation) 1s 
familar to most mathematicians, but the 
extremely ramified and elaborate theory of such 
operators, as presented m the work under review, 
will come as a surprise to many who have not special- 
ized in this field Part 1 alone of the two-volume 
work covers 850 pages, including more than 100 
pages of bibliography However, many different 
parts of mathematics, particularly hitherto rather 
isolated branches of classical analysis, are brought 
together under the strong unifymg influence of the 
theory , and the mathematician who has grown tired 
of explormg one peak after another may take comfort 
m coming upon an edifice which acts hike an umbrella 
covering a vast area 

Part 1 presents the topological theory of spaces and 
operators, and the spectral theory of arbitrary opera- 
tors (the theory of completely reducible operators 1s 
deferred to Part 2) Chapter 1 deals with concepts 
and results from set theory, topology and algebra, 
and Chapter 2 with the three basic prmeiples of 
analysis These consist of (a) the prineiple of uniform 
boundedness, which involves the result that the 
limit of a sequence of continuous Imear operations 1s 
continuous, (b) the mterior mapping prineiple, which 
asserts that ın the case of certain spaces continuous 
lmear mappings map open sets on to open sets, (c) the 
Hahn-Banach theorem, which 1s concerned with the 
existence of extensions of a linear functional Chapter 
3 deals with mtegration and set functions, and 
Chapter 4 with twenty-eight spaces (mostly Banach) 
which occur frequently m analysis These moelude 
various sequences and the space of all bounded con- 
tinuous real or complex functions defined on a normal 
topological space The notion of convexity m a 
general linear space is treated in Chapter 5 It ıs 
shown how various classes of Imear functionals 
determine topologies in a linear space, includmg 
a weak topology ina Banach space Special attention 
1s given to the compactness properties and reflexivity 
of these topologies, and some fixed pomt theorems 
aie derived In Chapter 6 hnear maps between 
Banach spaces are studied The notions of adjoint 
and projection operators and also weakly compact 
and compact operators are mtroduced and the basic 
properties of the operators are obtained Repre- 
sentations of classes of operators are given in the 
spaces of continuous and integrable functions The 
concepts and methods of Chapter 7 centie around the 
idea, of the spectrum of an operator Earlier chapters 
are concerned with topological aspects of operator 
theory, but function theoretic and algebraic methods 
are used m the spectral theory Perturbation theory 
covering changes in the spectrum and the resolvent 
operator 1s developed, the basic theorem here bemg 
due to Relheh Chapter 8, the last of Part 1, 1s 
concerned with applications to semi-groups of opera- 
tors, functions of an infinitesrmal generator, and 
ergodic theory 
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A question one might well ask, following upon the 
presentation of so much theory ıs What does i6 
do? The answer 1s contained m the large number of 
graded exercises, which, the authors pomt out, are 
not ‘drill’ problems but carrymg on the text In 
fact, they present the applications of the theory to 
familar branches of classical analysis, moludmg 
summabihty of semes (Chapter 2) and integrals 
(Chapter 4), orthogonal expansions, particularly 
Fourier series (Chapter 5), and mequalities (Chapter 
6) It 1s mteresting to note, and indicative of the 
power of the theory, that convexity methods, depend- 
ing largely on the Reisz convexity theorem, may be 
used vo derive many of the most familar and 1mpor- 
tant mequalities of analysis 

"Lmear Operators" is encyclopedie m character 
and will probably become the standard reference 
text in its field Parts of ıt may also be used in 
courses for both undergraduates and those entermg 
upon research In a work of this size material tends 
to become buried, but there 1s a detailed subject 
index which will help to prevent this and the “Notes 
and Remarks” at the end of each chapter form a 
very good guide to the extensive hterature 

L S Gopparp 


MATHEMATICS AND OPERATIONS 
RESEARCH 


Mathematical Methods of Operations Research 

By Thomas L Sasty Pp x+421 (London: 
McGraw-Hill Pubhshmg Company, Ltd, 1959) 
Tis 6d 


PERATIONS research, which 1s now generally 
regarded as a well-defined field of actrvity 
moving in its own ght, began hfe m unusual 
circumstances The immpaet of war produced many 
practical problems, both tactical and strategic, which 
had to be solved, often within a hmuted time and 
with a lmuted amount of mfoimation as data Men, 
whose basic trammg had been in different scientific 
fields, were put together m teams and ther task was 
to formulate and solve the problems mherent in the 
practical situations at hand The result was lghly 
successful, and thus operations research was born 
In the post-war years activity has developed greatly 
on the mdustrial side In addition, there has been 
time for a mathematical penetration of the subject 
to occur, and the use of mathematics ın this field 
forms the subject-matter of- the book under 
1evlew B 
There are four parts, the first being a discussion of 
a varied collection of topies, including scientific 
method, logic, and the building of mathematical 
models Parts 2 and 3 deal with the more serious 
mathematical methods of operational research, and 
cover optimization and programming (both Imear 
and quadratic), the theory of games, probability, 
statistics and the theory of queuemg These two 
parts form the core of the book and take up about 
three-quarters of the volume They are well written 
and will give the graduate mathematician a good 
introduction to operational research problems and 
the sort of mathematical methods needed in their 
solution The chapter on queuemg is an excellent 
summary, and ib 1s a pity that ıt has not been 
expanded to deal with the subject more fully One 
primtmg error has been detected on p 340 the 
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exponent of u/A m the second term of the expression 
for P4(f) should be — n — 1 and not — n +1 

The fourth part of the book wil probably be a 
surprise to most readers It 1s an essay entitled 
“Some Thoughts on Creativity” As the title may 
suggest, ıt ıs largely concerned with the psychology 
of personality and motivation , creativity, m fact, 1s 
defined as “the element of the human, personality 
which provides direction”? To the reviewer the essay 
has proved disappointing, and it seems out of place 
in a book on mathematical methods The author 
remarks that “it ıs difficult to write about general 
creativity” but has mcluded the essay because it was 
successful in teachmg It would almost certamly 
increase the value of the book if, m a future edition, 
the essay were replaced by, for example, a more 
extended treatment of queuemg or production and 
inventory problems In spite of these remarks, the 
book should prove valuable both to mathematicians 
who wish to take up operational research and to 
industrialists who wish to read somethmg of what 
operational research can do and how mathematics 1s 
becommg more and more an indispensable tool in 
this field L S Gopparp 


MECHANICAL IMPEDANCE 
METHODS IN VIBRATION 


Colloquium on Mechanical Impedance Methods for 
Mechanical Vibrations 

Presented at the ASME Annual Meeting, New York, 
NY, December 2, 1958 Edited by R Plunkett 
(Sponsored by Shock and Vibratmg Committee 

Applied Mechanies Division) Pp vit+145 (New 
York The American Society of Mechanical En- 
gmeers, 1958) 5 50 dollars 


‘HE basic theory of hnear mechanical vibration 
has been m existence for many years Unfortun- 
ately, in some respects that theory is nob in a con- 
venient form for use m modern vibration analysis 
Much efforb has therefore been put mto re-castmg, 
tabulating, re-exammung and extendmg the known 
results of vibration theory It has been found very 
useful m domg this to borrow ideas which have been 
developed by electrical engineers for use with ac 
emeurts Although xt was realized at the begining of 
the century! that there 1s such a thing as ‘mechanical 
impedance’, the great practical importance of the 
idea has only become apparent withm the past 
twenty years 
There are several ways of developing impedance 
techmques One may either relate harmonic dis- 
placements to a harmonic input force or, alterna- 
tively, one may relate velocities to the force, some 
workers prefer to think of accelerations in terms of 
harmonic forces In addition, there 1s the possibility 
of measuring the displacement (velocity, or accelera- 
tion) per unt amplitude of force or of measurmg 
forces per unit displacement (velocity, or accelera- 
tion) The upshot is that several schools of thought 
have come mto bemg Few authors (if any) are 
prepared to thmk ın terms of more than one of these 
concepts and consequently the hterature 1s becommg 
difficult, to say the least 
The existence of this rather unsatisfactory state of 
affairs was the reason for my mterest on recervmg 
this work For ıt 1s high time that some body such 
as the American Society of Mechanical Engineers 
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(which sponsored the publication) set about straight- 
enmg things out Unfortunately, the book fails to 
do this, although rts avowed purpose is “to present 
the state of the art of impedance methods (by 
presenting) a survey of what has been accom- 
plished to date" 

This book contains a dozen papers, most of which 
have a good deal of technical mterest over a fairly 
narrow range of the general subject of vibration 
But there ıs no attempt to organize the methods 
used, and mdeed more techniques than one are 
employed ın the book I believe-that much of this 
book will be of real mterest to practrtioners , 16 will 
be found wanting by those who are not primarily 
concerned with specific aspects of vibration analysis 
but who want to know what impedance methods 
have to offer 

At the risk of confusmg the issues still further, I 
would like to make certam comments on the general 
subject of impedance methods m vibration theory 
In the first place, 16 seems evident that both velocity 
and displacement techniques are of real practical 
value Moreover, ıt ıs true that, at least to some 
extent, ib 1s a matter of taste which is adopted 
(What seems much more debatable 1s whether one 
should work with displacement (or velocity) per unit 
force or force per unit displacement (or velocity)— 
‘admittance’ or ‘impedance’, so to speak ) The case 
for woikmg wrth acceleration appears to be rather 
weak 

The late H G Yates? showed that there are 
physical reasons for deseribmg the vibratory be- 
haviour of systems m terms of velocity of vibration 
Incidentally, credit for this 1s not given in the book 
although 1t 1s a vital contribution im support of the 
use of the velocity measurements which are favoured 
by the majority of the contributors 

There also appears to be an advantage m using 
velocity calculations and measurements where high 
frequencies are concerned (say, more than 500 e /s ) 
High-frequency problems aie encountered at the 
boundary between mechameal vibration and acous- 
tics A great deal of work ıs bemg done nowadays on 
the silencing of machmery m submarines, and here 18 
an excellent example of where impedance methods 
may very well be superior, this is because of the 
requirements of acoustical theory, where power 
transmission must be considered 

Many workers advance the existence of an analogy 
between mechanical systems and ac circwts as being 
& fundamental reason for usmg velocities For, by 
so domg, one preserves the analogy This argument 
18 not as powerful as ıt may seem, however, since the 
ability to construct an electrical analogue of a 
mechameal system implies that the mechanical 
system 18 à completely known one Mechanical 
systems are usually far less tractable than ordmary 
low-frequency ac circewts But, here agam, the 
velocity approach does come mto its own where 
compound systems, embodymg mechanical and elec- 
trical components, are concerned 

The clams which may be made for displacement 
methods completely outweigh those for velocity, 
however, at low frequencies 1m the vast majority of 
vibration problems At least this is my opimion 
For one thing, i$ 1s unnatural to think m terms 
of a fluctuating velocity rather than a fluctuating 
displacement Physical msight 1s absolutely vital 
m the solution of practical vibration problems 
This 1s reflected ın the book under review m a rather 
remarkable way , there 1s no discussion of dynamic 
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instabihty although this 1s an obvious field for use of 
the displacement approach? 

Another shorteomung of velocities is that they 
are not as convenient for use m conjunction with 
Legiange's equations The matrix equation 
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Aq + Bg + Cq = oet 


relating to a system having n degrees of freedom has 
to be expressed as a form of integral equation if rh 1s 
couched in terms of generalized velocities (A, B and 
C are the square merta, damping and stiffness 
matrices, respectively, q 18 a column matrix of 
generalized displacement and ® 1s a column matrix 
representing amplitudes of generalized apphed forces, 
a bemg a complex constant) Some idea of the sheer 
power of the displacement approach may be had 
from Duncan’s pioneering work?, much of which has 
no counterpart m the hterature as rb relates to the 
velocity outlook 

To be sure, the choice between these techniques 1s 
to some extent—perhaps largely—-a matter of taste 
But to regard this as bemg entirely a matter of taste 
would be obtuse A errtical appraisal of the present 
position, particularly im the hght of recent work ın 
automatic control, is still highly desmable 

R E D Briuor 


‘Greenhill, Sir George, "Notes on Dynamics”, 78 (London HM 
Stationery Office, 1908) 

! Yates, HE G ,Trans N E Coast Inst Eng and Shwb , 65, 225 (1949) 

3punean, W J, R and M , 2000 (1947) 


FRICTION IN TEXTILES 


Friction in. Textiles 

By Dr H G Howell, K W Mieszkis and Dr D 
Tabor Pp xn4203 (London Butterworths 
Scientific Pubheations, New York Textile Book 
Publishers, Inc , 1959 Published ın association with 
the Textile Institute) 42s 


N a traditional industry, such as the textile industry, 
I has been and, m many aspects still 1s, 
ahead of theory ‘This situation has arisen because 
able men have had an abundance of time to solve 
technical problems empirically Durmg the past few 
decades, however, & host of new problems has been 
presented to the textile mdustry These problems 
arise from three main factors the advent of man- 
made fibres, m both contmuous filament and staple 
form, the mcreasmg cost of labour and the mereasing 
emphasis on, and uniformity of, quality The conse- 
quences of these changes are the mtroduction mto 
the industry of high-speed machmery, of control 
instruments and of an increasing number of seientific- 
ally tramed men The Textile Institute 1s therefore 
to be congratulated for encouraging the publication, 
in association with the pubhshers, of books which 
relate textile technology to the background of 
scientific knowledge 

The first result of this association 1s the publication 
of the book “Friction in Textiles” This book 1s m 
three sections , the first one 1s a readable summary of 
current views on friction, in which the limitations as 
well as the successes of current theory are given a just 
emphasis The second part, entitled “Friction in 
Textile Processing”, contains an account of the special 
frictional properties of wool, followed by chapters on 
the importance of friction m the different processes 
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through which fibre passes on its way to the finished 
cloth It 1s a measure of the current state of know- 
ledge that all the textile processes can be dealt with 
in less than sixty pages, compared with twenty-one 
on the frictional properties of wool and about seventy 
in the third section of the book, on methods of 
test 

Scientifically and technologically, the muddle 
section of the book 1s least successful Its value, 
however, 1s probably greater foi the textile technolo- 
gist than that of the first and last sections, because 1t 
represents a brave attempt to give a coherent account, 
based on the little data available, of a dominant factor 
in textile processmg, namely, friction The reviewer 
hopes that textile scientists will read this and be 
stimulated to carry out the research which is so 
clearly necessary 


ADVANCEMENTS IN METALLURGY 


Constitution of Binary Alloys 

By Dr Max Hansen Second edition prepared with 
the co-operation of Dr Kurt Anderko (Metallurgy 
and Metallurgical Engineermg Series) Pp xix-+- 
1305 (London McGraw-Hill Publishmg Com- 
pany, Ltd, 1958) 252s 


Metallurgical Thermochemistry 

By Dr O Kubaschewski and E Ll Evans  (Inter- 
national Series of Monographs on Metal Physics and 
Physical Metallurgy, Vol 1) Pp xiv+426 (London 
and New York Pergamon Press, 1958) 63s net 


Vacancies and Other Point Defects in Metals and 
Alloys 

A Symposium organized by the Institute of Metals and 
held at the Atomic Energy Research Establishment, 
Harwell, Berks , on 10 December 1957 (Institute of 
Metals Monograph and Report Series, No 23) Pp 

11+234+16 plates (London Institute of Metals, 
1958) 40s , 6 dollars 


Vacuum Metallurgy 

Lectures presented during the course on Vacuum 
Metallurgy sponsored by the Department of Metal- 
lurgical Engmeering in co-operation with the Office 
of Special Service to Business and Industry, New 
York University, New York, June 10-14, 1957 
(Matenals Technology Series) Pp xvm-+472 
(New York Remhold Publishmg Corporation , 
London Chapman and Hall, Ltd , 1958) 100s net 


A Dictionary of Metallurgy 
By Dr A D Merriman Pp xv4-401 
Maedonald and Evans, Ltd , 1958 ) 1205. 


es: rate of growth of metallurgical knowledge 
and experience 18 resultimg in a flow of publica- 
tions covermg many diverse fields from many 
countries and, 16 must be admitted, of widely differing 
quahty The five books here reviewed are, however, 
valuable contributions to their own fields of science 
or technology 

The first German edition of Dr Hansen’s ‘‘Con- 
stitution of Bmary Alloys” was published in 1936, and 
immediately gaimed for itself an honourable place 
in all laboratories where work on metallic alloy 
systems was bemg pursued Waith the passage of 
years this edition became progressively less complete 
and this new and up-to-date one 1s, therefore, most 
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welcome This second edition is m many respects a 
completely new work, the text 1s now m Enghsh , 
the diagrams themselves are plotted on a linear 
scale of atomic per cent with a non-lmear weight 
per cent scale at the top and the layout of the text 
18 such as to direct the reader to the original literature 
As before, the diagrams are compiled from what the 
authors regard as the most reliable work available 
and regions of uncertainty are denoted by broken 
Imes More attention is given to structural details 
and reference 1s made to lattice spacing investigations 
In its new form this 1s a quite outstanding publica- 
tion. 

Dr Kubaschewski’s “Metallurgical Thermochemus- 
try” 1s m its third edition, and 1s a book which has 
clearly filled a real gap m scientific literature, appear- 
ing only three years after the second This in itself 
is sufficient evidence of its quahty It is now firmly 
established as a standard work, and it 1s pleasmg to 
note the critical assessment which 1s 1ts characteristic 
feature. A few alterations m matters of detail have 
been made to the text of the second edition, and the 
tables have again been brought up to date 

The symposium, “Vacancies and Other Point 
Defects in Metals and Alloys”, 1s notable for two 
very distinguished contributions, first a paper by 
Prof A H Cottrell on “Pomt Defects and the 
Mechanical Properties of Metals and Alloys at Low 
Temperatures,” and secondly, one by Dr D McLean 
on "Pomt Defects and the Mechanical Properties of 
Metals and Alloys at High Temperatures”. Dr T. 
Broom and Mr R K Ham review the effect of lattice 
defects as revealed by studies of deformation and 
annealing expermments, particularly im relation to 
stored energy and electrical resistance measurements 
Dr W. M Lomer gives an elegant review of the 
defect aspects of solid state diffusion, Dr P L 
Pratt contributes an account of defects in relation to 
the mechanical properties of 1onic crystals and 
Mr E C Wilhams and Mr P C § Hayfield, m what 
is possibly the least satisfactory contribution, 
attempt an analysis of surface oxidation processes 
The discussion of a rather general character 1s printed 
in full with illustrations 

In 1957, the University of New York organized 
a symposium on “Vacuum Metallurgy", the twenty- 
eight papers presented at which are now published 
The authors, from Europe and the Soviet Union, as 
well as from America, have covered a very wide field 
and the mmportance which vacuum techniques have 
assumed is abundantly demonstrated It will, for 
example, come as a surprise to many readers to learn 
that masses of stee] 150 tons m weight are now 
subjected to such treatment That the newer metals 
titanium, zirconium, ete, which httle more than a 
decade ago were laboratory curiosities, are now fully 
fledged engmeermg materials must m the maim be 
credited to the successful appheation of vacuum 
technology On the economic plane, too, 16 must not 
be overlooked that, expensive as such techniques are, 
a vacuum 18 at times not only the best but may also 
be the least expensive ‘atmosphere’ that may be 
used The scope of the mdividual contributions 
includes vacuum equipment and the thermodynamic 
and kmetic aspects of the subject , melting processes 
(cluding a later addition of a paper on electron 
bombardment melting), degassing m both the 
liquid and solid states; distillation and other metal- 
lurgieal applications Special analytical techniques 
may be required, especially for gaseous impurities, 
and these are considered, while the final chapter 15 an 
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attempt to foresee future trends There is an 
extensive bibhography and an adequate mdex 
In assessing this important book, and the adjective 
18 not undeserved, credit should be clearly given to 
the editor, who has done his job very well mdeed 

The work required in the production of “A Diction- 
ary of Metallurgy" must have been ummense, and 
although ıt 1s, as rs name implies, a dictionary and 
not an encyclopedia, it will be & valuable book of 
reference on many bookshelves ‘The field of metal- 
lurgy 1s now very wide indeed, and its divisions so 
diverse, that no one can hope to be conversant with 
them all Questions outside one’s own range of 
knowledge must at tımes crop up and such a source 
of reference as this has, therefore, a value even to & 
metallurgist of considerable experience To those 
less well versed in the science and technology of 
metals 1$ should be even more useful 

F C THOMPSON 
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NUCLEAR ENERGY AND 
MEDICINE 


Medical Sciences 

Vol 2 Edited by J C Bugher, J Coursaget and 
J F.Loutib (Progress in Nuclear Energy, Series 7 ) 
Pp vm+288+xu (London and New York Per- 
gamon Press, 1959) 105s net 


Advances in Biological and Medical Physics 

Vol. 6 Edited by Cornelius A. Tobias and John H 
Lawrence Pp 1x+639 (New York Academe 
Press, Inc , London Academe Books, Ltd , 1959 } 
16 50 dollars 


HE first of these books presents selected papers 
from the sessions relating to the medical sciences 
of the Second International Conference on the 
Peaceful Uses of Atomue Energy held m Geneva m 
September 1958 The selection has been made mainly 
from the sessions on radiological protection and the 
second session on the uses of isotopes in medicine 
The sessions on biology, physiology and biochemistry 
are covered by a separate volume 
The papers included in this volume may be divided 
broadly mto three groups First there are papers 
which will be chiefly of mterest to health physicists, 
imcludmg two papers on the protection of workers in 
industrial establishments handling nuclear fuels, with 
other papers on the detection of gested isotopes by 
external y-ray spectrometry, and on the detection of 
plutonium m wounds and on the treatment of cases 
of plutonium ingestion There are also two papers 
on the metabohsm of casium-137 and strontium-90 
The second group of papers 1s of more general 
interest One deals with the lack of any measureable 
difference in life expectancy of radiologists m Britain 
and comparable groups of people not occupied in 
radiological procedures Another concerns the dis- 
tribution m the meidence of bone tumours in North 
America in xelation to the level of natural radiation, 
and & third paper deals with the radiation dose 
required to produce bone tumours, m so far as this 
can be determmed m humans followmg radiotherapy 
and also from work with experimental animals 
The final group 1s of more direct medical interest, 
dealng with various aspects of radiotherapy, in- 
cluding papers on neutron capture therapy, on the 
use of cyclotron-produced heavy charged particles, as 
well as on various techniques using y-ray sources In 
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addition, there 18 a paper on the mitigation of radia- 
tion effects m patients by leukocyte and thrombocyte 
transfusions and also one on new developments m 
radiation protection and recovery in experimental 
anunals 

The papers selected bear out the opinion of the 
editors that although few radical advances have 
occurred in this field since the previous Conference, 
there has been considerably more thought put mto 
the subjects It ıs unlikely that the reader will be 
interested ın all the papers presented, but the book as 
a whole does reflect one aspect of this Conference 

The second of these books ıs the latest volume in 
this series, published yearly, presenting various topies 
by leading experts ın the fields covered The previous 
high standard. of the series has been mamtamed and 
some of the chapters are very good indeed, par- 
ticularly those of the review type such as — the effects 
of 1omizing radiation on tumours m, experimental 
ammals, by O C A Scott, 10n and water transport 
1n the stomach and intestine, by R P Durbin, P F 
Curran and A K Solomon, and isotopic tracers in 
tho study of diabetes, by S A Berson and R 8 
Yalow A real attempt has been made by the writers 
to present these topics clearly and m a straightforward 
manner Other chapters deal with methods for 
increasing radiological contrast, radiobiologieal aspects 
of the mduction of lysogemec bacteria to produce 
phage, physical and chemical mechanisms of cell 
mjury by zonzmg radiation, artificial and induced 
periodicity m livmg cells, microspectroscopy of cells, 
measurement of the regional circulation m the nervous 
system usmg a radioactive mert gas, the effect of 
ultrasound on the nervous system and a very mathe- 
matical presentation of the appheation of hght 
scattering to biological systems 

The inclusion of a chapter on fall-out from nuclear 
explosions which 1s of such concern nowadays does 
not achieve the same standard as most of the other 
chapters The actual mechanism of long-range fall- 
out over the surface of the Earth, which 1s now 
beginning to be understood, receives little attention 
In considermg the biological hazard the author has 
not succeeded in clarifymg this confused and much 
debated question 

The book will be of greatest value in a library 
where it 18 available to readers interested m the 
twelve very different topics covered, but the ım- 
dividual reader may well find the book worth buying 
for the sake of the wider review articles alone 

N M BLACKETT 
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DERBYSHIRE PLACE-NAMES 


The Place-Names of Derbyshire 

By Kenneth Cameron Part 1 Introduction, 
River-Names, ete, High Peak Hundred Pp 
Ixxiv--1-186 Part 2 Scarsdale Hundred, Wirks- 
worth Hundred, Morleyston and Litchurch Hundred 
Pp vi4-187-514 Part 3- Appletree Hundred, 
Repton and Gresley Hundred, Analyses, Index 
Pp vi-+515-829 (English Place-Name Society, 
Vols 27,28 and 29) (Cambridge At the University 
Press, 1959 ) 35s net each volume 


HIRTY-FIVE years ago the English Place- 
Name Society published its first introductory 
volume and thereby began its great task of recording 
and interpreting the place-names of England With 
the appearance of “The Place-Names of Derby- 
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shire” ıt has now published the material for twenty 
counties 

In Part 1 of this three-volume work, Dr. Cameron 
begins with a most mterestmg mtroductory essay 
wh:ch shows how place-names may be used to help 
reconstruct the process and progress of settlement 
from Roman trmes onwards Thus, for example, we 
learn that “A small and remarkable group of [four] 
names indicates that men of Irish-Norwegian 
descent also settled ın the county” The two places 
named Ireton both mean “‘the farm of tho Irishman 
or Imshmen” and contam as a first element the 


r 

ON Ir, the term used of a Vikmg who had been m 
Ireland before commg to England or of Imshmen 
who accompanied the Vikings to England of the 
two other names m this group, ‘“Mammerton. has, as 
its first element, a Goidelic personal name Maelmwwe, 
and Mercaston, a British name Met ch.aun. found m 
north-west England" Similarly, Dr Cameron also 
shows that elsewhere the Scandmavian settlers im 
Derbyshire were mamly of Danish rather than of 
Norwegian origin 

This place-name evidence is clearly of great mpor- 
tance, and it is therefore all the more unfortunate 
that the six distribution maps of selected place-name 
eloments do not adequately support the text because 
relevant detail 1s often omitted, as the map of certam 
woodland elements shows ‘The former heavily 
wooded nature of parts of the county, and the almost 
complete absence of woodland m others, 1$ indicated 
m a strikng way by the distribution of place- 
name elements . which are descriptive, either of 
the woods themselves, or of settlements m woodland” 
The subsequent elaboration of this statement quite 
rightly relates the former distribution of woodland to 
rehef and geology— how much more revealing would 
the map have been if, besides four place-name 
elements and the mam rivers, it had also included a 
few selected contours and the outcrops of the Carboni- 
ferous and Magnesian Limestone and the Millstone 
Grit 

Most of the remainder of Part 1, all of Part 2 and 
the first half of Part 3 contam the details of the 
individual names arranged first according to hun- 
dreds, then withm each hundred m alphabetical 
order of parishes, and withm each parish the more 
important names first followed by mnor names and 
field-names The extensive use of abbreviations 
within this section has allowed a tremendous amount 
of information to be packed mto a relatively small 
compass, and by making frequent reference to the 
detailed account of the elements to be found in the 
separate volumes on place-name elements (English 
Place-Name Society, Vols 25 and 26) still more space 
has been saved It is unfortunate, however, that, 
especially with minor and field-names, ıt has all too 
often been found necessary to omit any explanation 
of the meanmg of the name For example, of the 
twenty-five mimor names included for the parish of 
Totley, no explanation 1s given for a third of these 

The second half of Part 3 contains mterestig and 
valuable analyses both of the elements found in 
Derbyshire place-names and of the different types of 
names themselves, and these are followed by two 
comprehensive indexes covermg the material m all 
three volumes 

Despite minor blemishes, the work 1s a monument 
of patient scholarship and, to all interested ın Derby- 
shire and in place-names, these volumes are indis- 
pensable. I S MAXWELL 
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A PHYSICAL BASIS FOR LAND USE POLICY IN TROPICAL 
CATCHMENT AREAS 


By Dk H C PEREIRA 


East African Agriculture and Forestry Research Organisation, Muguga, Kenya 


p rapid mse m the standard of livmg of much 
of the world’s population over the past few 
decades has caused many countries to give anxious 
consideration. to ther future water supplies Even in 
Great Britam the problems of water supply and 
demand are requirmg imereasing attention! In 
comparison with the advance of science m other fields 
the techniques for the study of the water relationships 
of catchment areas aie soméwhat undeveloped In 
the Unted Kingdom there is much controversy 
about the hydrological effects of the afforestation of 
the hillsides the run-off of which supplies the big erties 
In middle-western States of America the management 
of natural forests which cover the mountain catch- 
ment areas has been the subject of fierce controversy 
between irrigation, grazing and timber interests 

In the Ingh-altrtude tropics the development of 
the forested high ground for production of softwoods 
and other valuable plantation crops gives rise to 
similar problems which face the modern admmus- 
trator with dufficult decisions Established facts 
and techniques are scarce Moreover, they have 
been derived m a variety of geographical environ- 
ments and involve many scientific and technological 
disciplines As a result, trenchant arguments by 
speciahsts concerned with limited aspects of these 
problems cause confusion, and there 1s growing public 
concern at the rate at which erties m many countries 
are outgrowing them traditional water supplies 

The basic climatic factors of amount, mtensity and 
seasonal distribution of ramfall, together with the 
amount and seasonal distribution of evaporation, set 
the boundaries to these problems Although this 
1s an elementary statement of fact these boundaries 
are often ignored m arguments seeking to apply 
findmgs m one country to problems m another 
The physical principles are relatively simple The 
routes by which rainfall, arriving in excess of the 
prevailmg evaporation rates, can reach a stream are 
classified by hydrological analysts mto three cate- 
gories immediate overland run-off, delayed sub- 
surface flow through the porous soil of the plant root 
zone, and ground-water flow fiom porous aquifers 
beyond the depth of plant roots 

The relative importance of these three routes by 
which rainfall becomes stream-flow 1s determmed by 
the character of the rainfall distribution In mild 
chmates of well-distributed rainfall, the overland 
route may be entirely acceptable It 1s, for example, 
the principal means of filling many reservoirs m the 
United Kingdom, where shallow-soied catchments 
are, under well-managed sheep pasture, capable of 
delivering clean run-off water Where reservoir 
capacity is adequate, infiltration can then be of 
secondary importance, so that heavily grazed pasture 
can be a satisfactory catchment area cover 

In the colder climates the hydrological perform- 
ance of mounta:mous catchments may be dominated 
by the trapping and storing of snow and by its rate 


of melüng, so that foresb management practices 
become of dominant importance Reservoirs of high 
capacity are necessary to avoid loss of the snow-melt 
flood-water which 1s confined by frozen subsoil to the 
overland and sub-surface routes 

The high-altrtude tropics of Africa present a 
contrasting set of problems Here few of the newly 
developmg communities can afford the very large 
structures which would be required to store overland 
flow from the strongly seasonal rainfall Hoere also 
the high rainfall mtensities cause destructive accelera- 
tion of erosion wherever run-off is unchecked 
Overland flow is thus an entirely unacceptable route, 
and infiltration is the critical factor for the contimurty 
of water supphes throughout the dry seasons These 
supplies must depend upon the seasonal recharge 
of the ground-water reservoirs which maintain spring- 
flow Fortunately, tropical weathermg has produced 
soils which are very deep and characterisiically 
porous, so that, provided the land use 1s controlled 
to secure the mamtenance of high infiltration rates 
at the soil surface, the dry-weather flow can be sus- 
tamed 

These conditions apply throughout most of Brrtish 
East Africa, where the over-riding technical considera- 
tion m determmmg land-use policy for a catchment 
area must be the mamtenance of dry-weather stream- 
flow Where political considerations, shortage of 
technical staff, or plam admumistrative weakness 
has permitted gross violation of this prmerple, with 
consequent destruction of soil resources by over- 
grazing or by primitive cultivation methods, this is 
now known beyond doubt to be a short-sighted pohey 
which will impoverish future African generations 

Where man has not destroyed ıt, a continuous 
canopy of forest covers most of the important high- 
rainfall catchment areas of tropical Africa within 
which the major permanent streams arise Determ- 
ination of the optimum land-use policy for these 
catchment areas poses two main questions of prmeiple 
First, is the natural forest the most efficient 
catchment-area vegetation from the criterion of dry- 
weather siream-flow * Secondly, smce these well. 
watered areas of deep fertile soil can be, under 
modern plantation techniques, among the most 
productive m Africa, can they also be successfully 
managed for both stream-flow and agriculture o1 
plantation forestry ? Where territorial mcome 
depends primarnly on agriculture and forestry, the 
first priorities for investigation must be the most 
productive forms of land use 

Studies of the performance of large catchments 
under mixed forms of land use have been shown in 
the United States to yield relatively little precise 
mformation, even when contmued over many years 
To be fully effective, this type of research must com- 
prise mtensive measurements of the water cycle 
durmg controlled land-use changes on complete 
catchments, and contmuous comparison with adja- 
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cent unchanged control catchments If the new land 
usage ıs to increase the productive wealth of the 
territory, then substantial mvestment of capital and 
the application of commercial skill and experience 
are necessary, erther through private enterprise or 
State development This places such schemes beyond 
tho usual resources of the specialist research worker, 
and mdeed the urgency for correct solution of these 
catchment area, problems necessitates the support 
m active mterest of governments at munisterial 
evel. 

The immediate questions asked by responsible 
administrators must be ‘What will ıb cost ?" and 
"How long will 16 take ?" Experience in British 
East Africa at present suggests that the costs can be 
kept very low by combmmg development of erther 
government or private large-scale enterprises with 
research into their effects Most of the rich forested 
catchments are already under Forest Reserve or 
Crown Land protection, and release of the necessary 
areas for experimental land-use changes can be made 
contmgent on the preservation of control valleys and 
the maintenance of agreed schedules for clearmg 
and development 

These problems can be solved only by combmmg 
the scientific knowledge and experience of agricultural 
and meteorological physicists, hydrological and soil 
conservation engineers, foresters, geologists, agrono- 
musts, topographical and soil surveyors, and particu- 
larly m Africa, by the actrve co-operation of the 
administrative authorities The research rtself needs 
only & small team of full-time workers with whom the 
many technical officers of government departments 
and of commercial enterprises can co-operate The 
urgent need that factual mformation about changes 
m water regimes should be won while the choice of 
land-use alternatives can still be made 1s best appre- 
ciated by those most actively concerned with the 
development of Africa, the ready co-operation of 
the more enlightened admuustrators, together with 
their technical advisers, ıs therefore the rule rather 
than the exception 

The length of time required to secure a reliable 
result has, m the past, been a maim obstacle to the 
muitiation of this type of research The ‘classical’ 
method has been to compare annual stream-flows of 
pairs of valleys over periods of 10-20 years, m order 
to provide a statistical basis for subsequent study of 
& land-use change on one of each parr Smee a 
similar run of years 1s then needed under the new land 
use, the tame required is inappropriate to countries 
which have already crowded into fifty years the 
developments which took centuries m the older 
temperate-zone communities The classical method 
1s also vulnerable to those extreme spells of departures 
from average ramfall which can occur by chance 
without postulation of weather cycles Kerch? 
has illustrated how successive departures from the 
average occur by chance m genuinely random data 

Fortunately we have most favourable combmations 
of meteorological and geographical circumstances m 
the high-altitude tropics which offer facilities for 
measurement which are unmatched in temperate 
zone hydrology Our freely dramed uniform stone- 
free soils, usually ascribed to the effects of Pluvial 
era leaching, have astonishmg depths rangmg from 
10 to 60 ft on many major catchment areas They 
are underlain, 1n a few selected areas, by impermeable 
lava flows Strongly marked wet and dry seasons 
ensure the substantial depletion and recharge of the 
soul within the root ranges of forest, pasture or crops 
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These changes are readily followed by occasional 
extensive deep samplings, linked by the records of 
electrical resistance tensiometers, they thus afford 
unique opportunities for the direct measurement of 
evapotranspiration Based on these periods of direct 
measurement, the energy balance method of Penman, 
which has solved the hydrological balance for many 
catchments ın the Umted Kmgdom’, extends the 
numerical estimate of evapotranspiration to the 
complete water year Fully equpped meteorological 
stations, including radiation measurements, are 
therefore operated on the site of each experiment 
The seasonal totals of rainfall, evapotranspiration 
and stieam-flow are thus obtamed mdependently, 
and the hydrological balance 1s completed by the 
measured water storage changes mm the first 10 ft of 
soul, within which the major seasonal depletions occur 
Changes in the ground-water storage, between the 
10 ft depth and the stream, are calculated from the 
running water budget of the first 10 ft * and the 
measured stream-flow 

These favourable circumstances afford opportuni- 
ties for earher information on changes m water 
regimes, the time required to obtain results depending 
mamly on the rate of development of the new form 
of land use  Mechanmeal equipment, backed by the 
large and well-organized labour forces of modern 
plantation mdustiies, can ensure rapid development 
Growth-rates, moreover, are high in the tropics so 
that pastures, tea, coffee, cocoa or softwood planta- 
tions rapidly establish them canopies and root 
ranges, by which ther mam hydrological effects are 
achieved In the arboretum of the East African 
Agriculture and Forestry Research Organization, 
for example, 6 species of Eucalyptus have grown more 
than 40 ft tall and 5 m im diameter m four years 
after plantmg® A pasture grass, Cynodon dactylon, 
planted from splits on 8 acres of fallow, sonl contammg 
12 repheate profile sets of electrical resistance 
tensiometeis developed roots to a depth of 10 ft 
m 12 months and heavily depleted the soil moisture 
to this depth? 

Four co-operative mter-departmental studies based 
on these methods are m progress in British East 
Africa The land-use changes under study are first, 
the conversion of indigenous bamboo forest to soft- 
wood plantations in the catchment areas of the 
Aberdare Mountams, from which the city of Nairobi 
draws its water supplies for a quarter of a milhon 
inhabitants, secondly, the conversion of mdigenous 
tall ram forest to tea plantations ın an area from 
which the streams supply & well-developed existing 
tea industry and a large area of African peasant 
agriculture® , thirdly, the effects of the opening and 
closing phases of shifting peasant agriculture m steep 
mountam valleys as compared with the mdigenous 
forest cover, fourthly, the conversion of over-giazed 
thornserub to rotationally grazed pasture, m semu- 
arid catchments which at present produce only 
torrent flow. 

Only stencilled progress reports have as yet been 
issued , but detailed analyses of the data of the first 
two years are now bemg prepared for publication 

These show simular behaviour from dense 40 ft 
high bamboo forest on the Kmangop Mountam on 
the Aberdares (lat 0° 45’ 8 ) and from heavy 100 ft 
high ram forest on Sivoten Mountam m the Lake 
Victoria, catchment (lat 0° 20’ S) Both aie at 
altitudes near 8,000 ft and receive 70 ın or more of 
total annual ramfall In each case infiltration rates 
are equal to those of the heaviest storms, and no 
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surface run-off is peiceptible The first 10 ft of 
deep porous soil remain contmuously wet and evapo- 
transpiration remaims at o1 very near full potential 
Measurements so far dicate that evapotranspmation 
rates approach, and are at times fully equal to, those 
of open water These wet forested valleys are 
hydrologically more similar to lakes than to usual 
land surfaces The stream-flow yields differ as a 
result of the very different ratios of ramfall to 
evaporation rates, varying from annual totals of 
15 per cent of rainfall m the warmest of the valleys 
to 56 per cent of ramfall m the coolest 

In the warmest of these forests, where evaporation 
is more than 55 m per annum, the soil moisture ten- 
sion throughout the first 10 ft depth has remained 
below 1 atmosphere for the 2 years of observations 
Tension-plate and pressure-plate measurements on 
undisturbed soil cores have shown a total storage 
capacity of 20 ın of available water in this depth, but 
periodic samphng has shown that moisture deficits 
have not yet exceeded 10m The fluctuations m soil 
moisture storage have equalled the total annual 
stream-flow from this 1,750 ace valley, which indi- 
cates the importance of the quantitative soil moisture 
budget*1in the water cycle An example of the favour- 
able nature of these soils for water measurement 18 
given in Table 1, which compares the moisture con- 

, tents found by periodic sampling under ‘field capacity’ 
conditions with the laboratory determinations made 
on undisturbed soil cores 

This uniformity of physical conditions throughout 
the soil profile ıs characteristic of many important 
catchment areas in East Africa and persists to great 
depths, up to 60 ft of developed latosol being shown 
by some borehole records The reproducibility of this 
measured ‘field capacity’ permuts the calculation of 
the dramage contribution to ground water* 

At altitudes of between 8,000 and 9,000 ft the 
heavy ram forest gives place to a dense cover of 
bamboo (Arundinaria alpina), and m this zone the 
development of a very large softwood industry 1s in 
progress After some 30 years of measurements on 
sample plots and small plantations by the Kenya 
Forest Department, the Mumistry of Forests has 
begun large-scale development, designed to provide 
employment for Kikuyu families displaced by the 
Mau Mau emergency For ten years the comparative 
water use of bamboo and of softwood plantations has 
been studied by this Organization in co-operation 
with the Kenya Forest Department®, the evidence 
has been adequate to mdicate that no hydrological 


Table 1 FIELD CAPACITY UNDER TALL RAIN FOREST 
(A latosol weathered ız sutu from phonohte) 


i Soil cores at 



































tension of 1/3 | Sampling results | 
atm 
Depth | Range Jmm- 
(ft) Qn) |[Morsture | | 
(per Inches | April July June 
i centdry of ^! 1958 1958 1959 
weight) | water 
Surface 0-6 69 9 2 45 3 08 2 59 2 89 
At ft 6-18 027 502 , 4906 4 92 4 82 
At 2 ft 18-30 58 0 534 518 5 29 5 24 
At3 ft 30-42 539 523 , 541 5 45 550 | 
At 4 ft 42-54 50 7 639 , 5 26 5 29 541 
At 5 ft 54-06 570 570 | 558 574 5 61 
At 6 ft 66-78 571 500 | 548 541 5 25 
At 7 ft 78-90 55 8 5 58 5 49 5 40 5 45 
At8 ft 90-102) $54 5 60 5 55 5 60 5 53 
At9ft |102-114| 556 562 ' 5 82 6 07 5 68 
Ab10ft [114-126] 576 6 05 593 | 512 5 95 | 
1. — 4 
Total for 101 ft depth 5758 5744 5788 5733 | 
I 
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ul-effects would be likely to follow replacement of 
bamboo by softwoods The first major scheme was, 
however, sited in the catchment area of Namobi 
City’s future water supplies, and plantation therefore 
began with the development of expermental catch- 
ments 

Observations are at present near the end of the 
second ‘water year’, between successive September- 
October seasons of munimum stream-flow In 226 
wet days of the first water year, a total of 100 45 in 
of ramfall over the bamboo had kept the soil continu- 
ously wet, the electrical tensiometers showmg no 
soil moisture tensions above 2/3 atmosphere between 
the first and tenth foot depth 

Two evaporation pans, one, raised, and the other 
sunken but a-msulated!?, gave totals of 48 57 and 
49 58 m respectively, while the Penman formula, 
using sunshme hours, gave 5483 im Sunshine 
hours grve a somewhat inadequate account of the 
radiation unde: these typical must-forest conditions, 
and substitution m the Penman formula of direct 
measurements of radiation by the Gunn-Bellam 
distillation mstrument!? gave an evaporation estimate 
of 48 82 1n , m remarkably good agreement with the 
pan measurements 

The comparison of the forested and cleared valleys 
1s summarized briefly m Table 2 
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Table 2  CoMPARATIVE WATER YIELDS OF BAMBOO FOREST AND 
First YEAR OF CULTIVATED CLEARING 
m 
Valley C Valley A 
(161 acres, (87 acres, 
Annual totals undisturbed cleared and clean 
bamboo forest) cultivated for ı 
vegetables) 
Rainfall 100 45 in 93 34in 
(from 9 gauges) | (from 10 gauges) 
Stream-fiow 56 78 in 65 10in 
Water yield 57 per cent $9 per cent 
Water loss 43 671n 29 241n 
Measured evaporation 49 00an 49 001n 
Ratio 
evapotransprration 
open water evaporation 09 06 
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Confimation that evapotranspiration from this 
bamboo forest approaches and sometimes equals 
potential open water evaporation rates has been 
obtained in the prelummary local experiments, so 
that the ratios obtaimed in Table 2 are ın accord with 
previous experience 

The saving in water yield was thus about 12 per 
cent of the rainfall m the first year after clearmg 
This savmg was achieved under a clean-tillage form 
of land use. ın which the potatoes, peas, beans, etc, 
covered only part of the soil surface for part of the 
time 

This ıs a rather small saving in comparison with 
the 27 per cent of a 621m raimfall reported by Hoover! 
as gamed by clear-felling a mixed hardwood forest 1n. 
the colder conditions of the Appalachian Mountains 
The difference 1s probably due to the rapid establish- 
ment of crops or weed cover under tropical conditions 
Soil moisture sampling where clear-fellmg had not 
been followed by clean tillage showed that the very 
rapid growth of tall herbs (Leonotis sp, Sambucus 
abyssimica, etc ) had depleted the first 6 ft of soil by 
6 m of water durmg a severe dry season in the 
first year after felhing? 

This aspect ıs sometimes overlooked by engmeers 
m search of increased water supphes Suggestions 
that water supplies may be improved by felling trees 
on tropical catchments pre-suppose that an alterna- 
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tive form of vegetation affordmg equally effective 
protection from erosion can be economically mam- 
tamed, from experience with the comparatively 
shallow-rooted grasses of tempe1ate-zone catchment 
aieas, a grass cover 18 often strongly advocated 

It ıs planned to change one of the bamboo forest 
catchments to sheep-pastuie m order to make this 
comparison, but the climax indigenous grass species, 
which rapidly invades and defeats all others planted 
in this area, is Pennisetum clandestinum ox Kikuyu 
gass <A local faiaming observation at 7,000 ft 
altitude has been that when a valley which gave rise 
to a permanent stream was cleared of bush and 
planted with this grass, the stream dried up and has 
1emaimed dry for 15 years of permanent pasture 
Washing out of grass roots showed that they entered. 
decomposed lava at a depth of 19 fü Detailed soll 
moisture studies to a depth of 15 ft for 5 years in the 
catchment of the dried-up stream have shown that 
in each of the two annual ram-seasons the ramfall can 
be stored m this root range to be transpired durmg 
the two dry seasons, so that no surplus 1s available 
for stream-flow Kikuyu grass pasture does not, 
therefore, offer a hydrologically attractive alternative 
to trees 

In addition to food and gamful employment for 
several hundred Kikuyu families the rotational clear- 
felhng of pine or cypress plantations, followed by 
clean cultivation of vegetables mtercropped between 
the seedling trees of the next rotation, at present 
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appeais to offer the best prospect of ineeasing water 
supplies from the mountam catchments of the 
Aberdares, now under dense bamboo forest 

The concentration of ramfall mto the tropical 
wet seasons 1s so acute that not even the combination 
of heavy forest and deep porous sois can succeed 
completely m the even regulation of stream-flow 
The best catchments under study give ratios of 20 1 
for maximum to mmimum flow rates When cleared 
of forests and eroded by overgrazing, some simular 
East Afiican catchments have given ratios exceeding 
3,000 to 1 

The work outlmed m this paper is progressing as 
a result of financial support from five East African 
Muustries and through the personal mte1est and 
co-operation of mdividual technical officers ın some 
fifteen separate departments Together they are 
makmg possible the quantitative évaluation of 
water relationships on which land-use policies for 
ow catchment areas can be soundly based 
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FRACTIONATION PHENOMENA IN NUCLEAR WEAPONS DEBRIS 
By K EDVARSON, KERSTIN LOW and J SISEFSKY 


Research Institute of National Defence, 4th Division, Stockholm 80 


S is well known, a chemical fractionation of 

nuclear weapon debris takes place durmg the 
particle formation which occurs within the first few 
minutes after the explosion A discussion of the 
particle formation phenomena has been given by 
C E Adams et al} 

In the present article some studies of the distri- 
bution of different fission products m air-borne bomb 
debris are reported and an attempt to interpret the 
results has been made 

The debris was sampled over the middle of Sweden 
with a filter-device carried by a jet-plane The 
filter-medium was glass-fibre-paper (an mvestigation 
of the filtermg efficiency has been pubhshed else- 
where?) The sampling took place at an altitude of 
8-12 km and the an mass filtered was usually 
100~250 kgm 

A quarter of each sample was measured by y- 
spectrometry and a quarter was autoradiographed 
The y-spectrometer consisted of sodium iodide (Tl) 
eiystal (là m diam x l in) and a 70-channel 
Xieksorter The autoradiographs have been used to 
give a general picture of the activity distribution on 
particles and also as an aid for the isolation of 
individual particles (cf ref 3) The general trend 
seems to be that in fresh debris (a few weeks old) a 
relatively great portion of the activity 1s concentrated 
on particles larger than lu, whereas m older debris 
the activity is moie evenly distributed on smaller 
particles 


By means of the autoradiographs ıb was possible 
to locate the more radioactive particles within some 
tenths of à mm and these particles could be isolated 
fiom most of the remaining activity by punching out 
a small airea of the filter contamung the particle In 
this way a number of samples were divided mto 
fractions each contaming particles in a given activity 
range As a iule two particle factions named K, 
and K, and one fraction consisting of the remamder 
of the filter (R) were taken (cf Table 1) By 
y-spectrometry the content m each fraction of the 
following nuelides was determmed (zmeonium + 
mobrum)-95, ruthenium-103, 10odme-131, lanthanum- 
140, cerrum-141 

The results of the measurements for a number of 
samples are given in Table 1 At the time these 
studies were started we had not developed a technique 
for size-determination of the particles Later on, 
however, 16 was possible to make a rough correlation 
between activity, age and particle size (cf ref 4) In 
Table 1 the particle diameter limits of the fractions 
are given 

The analysis showed that the compositions of the 
two (three) fractions from the same filter were 
different, as a rule m such a way that the K-fractions 
were stiongly enriched in (zirconium + mobium)-95 
and impoverished in ruthenium-103 while the other 
nuchdes took a middle position Observations of 
this kind have also been made by May and Schneider® 
and Sittkus® . 
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These findings might be due to two effects One 
is that the different fiactions omgmate from different 
explosions, the other that fractionation phenomena 
have occurred In the first case the youngest fraction 
ought to have, for example, higher i10dine-131/(zir- 
comum + mobrum)-95 and lanthanum-140/(zr- 
comum + niobrum)-95 ratios than the older If this 
were the only explanation of the data, the K-fractions 
should m most cases be the oldest As it ıs almost 
invariably found that particles of high activity 
mainly occur during the first months after an explo- 
sion, this 1s a 1ather mcredible explanation It seems 
more probable that fractionation phenomena are the 
maim. reasons for the differences ın composition Ina 
few samples (zwcomum + niobium)-95 was mpov- 
erished in the K-fractions In these cases ıt was 
found from observations of samples taken a few days 
before and after that this deviation from the normal 
must be due to an admixture so that the R-fraction 
contamed both old and young activity, whereas the 
K-fiaction contamed almost exclusively the young 
activity 

In most cases 1b was possible to establish the origm 
of the debris from known dates of test-explosions and 
the lanthanum-140-(zmeonmm + niobium)-95 ratio 
in the total sample In these cases the values found 
have been compared with the theoretically expected 
in the following way A fractionation factor fA.95 for 
a given nuchde A is defined m the following way 


NA P 
N(gr4-Nb)957 exp ` 
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where N 1s the activity of the nuehde m question 
The first bracket contams the experimental and the 
second the theoretical values, as obtamed from known 
fission yield values if the age 1s known ‘The yield 
values for fast fission of uranium-238 have been used, 
as all the samples ın question contained uranium-237, 
indicating that they originated from thermonuclear 
devices with uranium-238 tamper The assumed yield 
values are given m Table 2 


Table2 ASSUMED Fission ae x Fast FISSION OF URANIUM-288 
(ref 7 








Mass-chain | Yield (pe: cent) Mass-chain | Yield (per cent) 
95 55 140 59 
103 64 141 56 
131 88 








In Table 3 the fractionation factors for the different 
mass-chams are given As ıs evident from Table 3 
there exists a defimte trend m the fractionation 
factors In the K-fractions the fractionation factors 
increase m the order ruthenrum-103, lanthanum-140, 
(odine-131), cerrum-141 and (zirconium 4-niobium)-95 
and are quite small for the fist nuchdes m this 
sequence 

It 1s possible to explam this tiend qualitatively 
from the chemical properties of the elements m the 
mass-chains at the time of particle formation 

As the debris probably emanated from thermo- 
nuclear devices ıt seems 1easonable to assume a yield 
of the order of magnitude 1 Mt In this case the 
particle formation probably occurs about 15-20 sec 
after the explosion In Table 4 the element com- 
position of the mass-chams 17 sec after mstan- 
taneous fast fission of uranium-238 are given It 
has been calculated assuming equal cham-length, 
usmg the values of Z4 and fiactional yield versus 
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Table 3 FRacrionation FACTORS 
Sample Mass-cham Assumed date 
103 181 140 141 of explosion 
n7E| 01 02 01 04 2285 
R| 08 12 09 10 dd 
119 K,| 01 (0 2) 01 03 228 
j| 02 (0 4) 04 05 4 
09 (1 0) 10 11 
I 
120 K,| 00 (0 0) 02 04 22857 
|| 02 (0 73 01 04 5 
07 19) 09 il 
121 Ki| 00 (01 01 03 2285 
al 02 8 01 04 ý 
10 2 9 09 12 
132 K | 00 02 02 249 57 
R| 09 10 08 i 
1806 K | 00 (0 6) 03 24 9 
R| 09 11 08 yi 
158 K | 00 03 249 
R| 11 18 | d 
154K | 02 03 249 
R| 11 10 | xi 
159 K | 01 02 01 06 | 25258 
QIGDE | 01 03 02 06 25258 
t 
(162K | 01 03 03 07 25 2 58 
i 
164 K,| 00 04 04 06 25 2 58 
al 01 06 04 07 
166 K,| 01 03 259 
E 08 08 RE 
RI 11 11 
167 Xi] 01 05 2525 
Eel ot 06 
R| 13 14 
168 K,| 01 04 2 
| Eal 02 05 eee 
11 12 


| R 





(Values in brackets are uncertain) 


(Z-Zp) given by Grummut and Milton’, and the 
half-lves of the short-lived fission-products given by 
rie and Ballou® The value of v has been assumed 
to be 2 

Of the elements m question, banum, stiontium, 
yiuum, zwcomum form oxides stable at high 
temperatures with the vapour pressures decreasing 
in this order Cæsium, molybdenum, tm, antamony 
and tellurium form volatile stable oxides or are 
volatile m elemental form From these properties it 
ean be expected that the material condensed at an 
early stage is enriched m mass-cham 95 and mmpov- 
erished m 103, 131 and 140, whereas 141 is somewhere 
between If it 1s assumed that the laige particles 
in average consist of early condensed material the 
observed fractionation factors are thus qualitatively 
explaimed 

From Table 3 1t 1s also found that the fractionation 
m the F-fractions seems to be small 

If most of the activity ıs bound to small particles 
( Ip diameter) at the condensation, the fractionation 
in the H-fraction may well be small although ıt 18 








Table 4  OíLOULATED COMPOSITION OF THE MASS-CHAINS 17 SFO 
AFTER FAST FISSION OF URANIUM-238 
Mass- 
chain 
95 20 percent Sr + 70 per cent Y -+10 per cent Zr 

103 5 per cent Nb + 65 per cent Mo + 30 per cent Tc 
131 2 percent Sn + 95 percent Sb 4-3 percent Te 
140 40 per cent Xe + 50 per cent Cs + 10 per cent Ba 
141 80 per cent Cs + 70 per cent Ba 
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appreciable m the K-fractions It should be noted 
that the particle spectrum m a sample collected a 
long time after the explosion is quite different from 
the original due to the change im settling rate with 
particle size Thus the fact that the K-fractions 
sometimes constitute quite a large part of the samples 
does not contradict the explanation given above 
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A NEW SERVICE FOR NATURALISTS 
By R S R FITTER 


Director, Intelligence Unit, Council for Nature 


HE Intelhgence Unit of the Council fox Nature, 
which was set up m May 1959, with the aid of a 

grant of £5,000 a year for three yems fiom the 
British Broadcastmg Corporation, 1s now ready to 
deal with requests for information about field natwal 
history m the United Kingdom The Unit has a 
staff of four and maintains contact with active field 
naturalists and natural history societies m all parts 
of the Umted Kingdom, and ıs especially interested 
m thew field work Some two hundred of these 
societies are already members of the Council foi 
Nature, and the Unit hopes, before long, also to 
extend its intelligence system to those societies which 
are not members 

The Unit will act as a clearing house rather than an 
information bureau and primary source of mforma- 
tion It will am to pass mquirers on to the best 
sources of information and works of reference, rather 
than give direct answers to factual queries, though, 
of course, these will be given whenever possible 
The soit of queries the Unit hopes to be asked are of 
the type “Who are the leading experts on the 
otter or the peregrine faleon in the Birtish Isles ?” or 
“Who 1s an authority on the effects of toxic sprays on 
brd and insect hfe *", à ‘Who can say what is 
likely to be the effect on wild life m the vicinity of a 
nuclear power station on the coast of Suffolk ?’ 
Questions that can be looked up m a work of reference, 
such as “How long can an otter live?” or “What 1s 
the breeding season of the peregrme falcon ?", will, 
1b 18 hoped, not be directed at the Unit in too great 
numbers, as this will stultify the real aim of the 
service the Unit seeks to provide The Unit will 
also not expect to be asked to identify specimens 
(though ıt will advise on where such help may be 
obtained), o1 to give advice 1elating to pets, domestic 
animals o1 cultivated plants 

The broader aims of the Intelligence Unit aie to 
build up a picture of the field work being cariied out 
by naturalists all over Britain, ascertam what gaps 
there are, and put naturalists workmg on similar 
problems in touch with each other Among other 
services which the Unit provides for the Council 15 
the editing of the Council’s half-yearly bulletm, 
“News for Naturalists’, the second issue of which 1s 
being published ın December This bulletin ıs not fo 
sale, but is available free to member societies and 
ther mdrvidual members 

The work of the films officer, Stanley Jeeves, coveis 
the whole field of still and cmé photogiaphy by 
amateurs mterested m natural history, but to start 
with 1s mainly concentrating on the cmé aspects 
Recently, a most successful experimental begmners’ 
course of instruction foi amateur cmematographers 


was held at the offices of the Council for Nature, m 
South Kensington Twenty-three ‘students’ attended 
and heard talks on technique and equipment by 
Stanley Jeeves and on the work of the British 
Bioadcasting Corporation Natural History Unit at 
Bristol, by Tony Soper Afterwards, they watched 
films taken by three of then number, on vole damage, 
by Olver Hook, on waxwings, by J W Caii, and on 
terns, by F G Hollands 

The experimental course was so successful that the 
Unit plans to organize another one on simular lines 
im the north of England, perhaps at Manchester, 
early in the New Yeai, and possibly also mn Scotland 
There will probably also be a two-day course, with a 
shghtly more advanced syllabus, m London m the 
New Year, and this may also be repeated in the north 
A still more ambitious scheme 1s planned for next 
May, when the Unit will hold a week’s course for 
amateur cmematographers at Biantwood, Ruskin’s 
Lake District home, which 1s now run by the Extra- 
Mal Department of the University of Manchester as 
an adult education centre. At this course ib will be 
possible to give mstruction actually m the field, and 
to make and edit one or more short films 

Another activity of the Films Section of the Umt 
18 the o1ganization of two competitions for amateur 
cinematographers mterested m wild hfe The first, 
fo. 35 mm (and 16 mm at 24 frames) films, 1s bemg 
organized jomtly by the Council for Natwre and the 
British Broadcasting Corporation, which has gener- 
ously offered two piizes, £500 fox a full-length 20-30- 
min film, and £50 foi a 3-8-mm sequence This 
competition 1s not open to those who have already 
had more than 10 mm of consecutive film shown on 
television The aim of the competition 1s to stimulate 
new talent m the field of natural history cinemato- 
giaphy, of which, of course, the British Broadcasting 
Corporation, and especially its Natural History 
Unit at Bristol, are big consumeis 

The second competition 15 for 8 mm (and 16 mm 
at 16 frames) film, and is primarily for the many 
amateurs who cannot yet aspire to a 16 mm camera 
The prizes are bemg presented by manufacturers of 
equipment, the first puze bemg a Pallad Bolex 
reflex camera worth about £400 Further mformation 
about both competitions and the mstructional courses 
can be obtained fiom the Films Officer, Council for 
Nature, 41 Queen's Gate, London, S W 7 

A further activity on the films side 1s the compihng 
of & comprehensive hist of natural history films, 
and more especially those available for public showing. 
This is being carried out in collaboration with Mr 
Michael Gwynne and the Botany Department of 
the University of Oxford 
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NEWS and VIEWS 


Ministry of Aviation Appointments 
Dr C H Johnson, CBE 


Brier notes referrmg to promotions in the Mimistry 
of Aviation were printed in Nature of Novembe 7, 
p 1448, further mformation is now available 

In C H Johnson, who has been promoted to 
chief scientific officer and appointed duectoi of the 
Explosives Research and Development Establish- 
ment, Waltham Abbey, Essex, in succession to Dr 
W H Wheeler, on the latter’s acceptance of an 
industrial post, graduated from University College, 
London, with first-class honours in chemistry in 1925 
anda Ph D and the Ramsay Medal in 1927 for work 
unde. Prof W E Garner concerned with explosive 
reactions in gases ‘The next two years were spent 
on research (the chemical and biological effects of 
ultrasonic energy) and teaching at the University 
of Cahforma He rejomed Prof Garne at the 
University of Bristol imm 1930, imtially as assistant 
lecturer m physical chemistry In 1937 he was 
appointed senior lecturer m morganic chemistiy 
m the University of Birmmgham, where he con- 
tinued his researches, begun at Bristol, on co-ordina- 
tion compounds, particularly those showmg optical 
activity He was awarded his D Se (London) in 
1940 Commencing some months prior to the 
outbreak of the Second World Wai, m association 
with members of the Department of Chemistry 
of the University of Birmmgham, under the late Sn 
Norman Haworth, Di Johnson took part ın a survey 
of volatile compounds of uranium and in attempts to 
isolate uranıum metal m bulk In 1942 he jomed 
Shell Refinmg and Marketing Co, Lid, and became 
manager of the Lubricating Oil Laboratory, then m 
process of formation at Thornton, Cheshire, and 
later, also, of the Diesel Fuel Laboratory, built m 
1946 These laboratories were afterwards ineor- 
porated (with two others) in Shell Co's Thornton 
Research Centre Dr Johnson entered Government 
service in 1948 as supermtendent of propellant 
research at the Explosives Research and Development 
Establishment and became chief superintendent im 
1950 Smoee 1954 he has been director of materials 
and explosives research and development at Mimstry 
of Supply headquarters in London 


Mr W H. Hil 


Mr W H Huw has been promoted to deputy 
chief scientific officer and appomted to the post of 
deputy director of arr armament m the Mimstry of 
Aviation Since 1954 he has been supermtendent of 
the Weapons Assessment Branch of the Àimament 
Research and Development Establishment, where he 
has been responsible for mmportant advances, pa- 
ticularly in the appheation of modern techniques to 
a field of mcreasmg complexity and importance in 
armament development Mr Hull obtained his degree 
at the University of Cambridge Following some fom 
years on the academic staff of the University College 
of the South West, lecturmg m applied mathematics, 
he spent the period 1941-46 m war service, retn mg 
with the rank of major m the Royal Electrical and 
Mechanical Engineers, and m 1946 jomed the scientific 
staff of the War Office, serving first with the Aimy 
Operational Research Group and later on the staff of 


the Scientific Adviser to the Aimy Council He was 
transferred to the Mmistay of Supply m 1952 and 
spent some eighteen months m the Guided Weapons 
Department of the Royal Arcraft Establishment 
before his promotion in 1954 


Mr S A Hunwicks, OBE. 


Mr S A Howwicxs has been promoted to deputy 
chief scientific officer and appomted director of Atomic 
Weapons (Development), Ministry of Aviation He 
started his career m 1930 m the Department of Engm- 
eermg at the National Physical Laboratory, where he 
worked mamly on the strength of materials at high 
temperatures and lubrication problems In 1934 he 
graduated m engineering at London In early 1939 
he jomed the Armament Department of the Royal 
Aircraft Establishment and gamed a wide experience 
on research, development and design of anboine 
weapons Fiom 1943 he was responsible for full-scale 
trials on an borne rockets, including development of 
techniques for measurmg amr and underwater ballis- 
tics Durmg this period he initiated and carried out 
the establishment of several Royal Aircraft Estab- 
hshment ranges, meluding Lake Alwen in North 
Wales In 1946 Mr Hunwicks was one of the Ministry 
of Supply scientific team seconded to the Depart- 
ment of Supply, Australia, for the settmg up of the 
Long Range Weapons Establishment at Salisbury, 
South Austraha, and the Woomera Range His 
special responsibilities were ar facilities, the bomb 
ballistic range which was the first range operatmg at. 
Woomera, and staff recruitment On retwnmg to 
Great Britain, he rejomed the Armament Depait- 
ment, Royal Airc.aft Establishment, m 1949, be- 
coming section head responsible for the design and 
development of special weapons In 1954 he attended 
the Admmustrative Staff College, and shortly aftei- 
wards was promoted to supermtendent m the Arma- 
ment Department 1esponsible foi the co-ordination 
of all Royal Amciaft Establishment work on free- 
fallmg weapons 


Mr A N Christmas 


Mr A N Canrisrmas has been promoted to deputy 
chief scientific officer and appomted director of 
Guided Weapons (Techniques) at the Mmustiy of 
Aviation Headquarters Mr Christmas graduated 
with first-class honous at the University of London 
m engmeering in 1933, and afte: a period of research 
m industry jomed the government service in 1937 as 
an assistant engmeer m the Radio Branch of the 
General Post Office Engmee:mg Department In 
1946 he was attached to the Mmistry of Supply foi 
work at the Royal Aircraft Establishment on 
contiol systems for guided weapons In 1947 he 
transferred to the Mimstiy of Supply and continued 
his work on guided weapons at the Royal Aircraft 
Establishment until 1951 when he was posted to the 
United States and for three years was a member of 
the Mimstry of Supply staff at the British Jomt 
Services Mission m Washington Durmg this tame 
he was responsible for haon work covering the 
whole field of guided weapon iesearch and develop- 
ment ın the United States In 1954 he was promoted 
to semor principal scientific officer and returned to 
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Great Britam to take up the post of supermtendent 
of the V T Fuze branch of the Armament Research 
and Development Establishment In his new post 
Mr Christmas will be iesponsible for directing 
research and development on guided weapons tech- 
niques, including guidance and contiol, propulsion 
and advanced engmeermg techniques specially applic- 
able to guided weapons 


British Contribution to High-Altitude Research 


Ir was decided at a meeting of the International 
Committee on Space Research in the sprmg that 
great scientific value was to be gamed from the 
simultaneous, or nearly simultaneous, firing of many 
rockets ın different parts of the world carrying 1denti- 
cal or related expeiiments It was hoped that all 
countries participatmg in high-altitude research with 
rockets would launch one or more, the elucidation of 
atmospheric structure bemg a particular aim of the 
experiments The British contribution has been 
developed jomtly by the British National Committee 
on Space Research set up by the Royal Society and 
the Royal Aircraft Establishment of the Ministry of 
Aviation, and consists of experiments carried by the 
upper-atmosphere research rocket Skylark This 
rocket ıs powered by the Raven sohd-propellant 
motor designed by the Rocket Propulsion Establish- 
ment, Westcott The rocket 1s launched with the 
co-operation of the Weapons Research Establishment 
at Woomera m Australa The programme was to 
launch three rockets, and these were all fired m the 
space of 36 hr on November 30 and December 1 

The first Skylark carried the sodium vapour expen- 
ment devised by the Queen’s University of Belfast 
Sodium vapour, ejected from the rocket at heights 
greater than about 40 miles, gives a resonance glow 
when observed under the correct twilight conditions 
Optical observations of this glow, made with an 
interferometer and with ballistic cameras, can give 
data leading to both atmospheric temperature and 
wind structure The second Skylark was to measure 
the atmospheric temperature and horizontal and 
vertical wind speeds up to heights of 90 miles usmg 
&sound-rangmg method This 1s based on the optical 
and acoustical observations of explosive grenades, 
ejected from the rocket at regular mtervals This 
experiment is the responsibility of a group at the 
Physics Department, University College, London 
In addition, metal foil was ejected from the rocket 
and observed by radar, enabling an mdependent 
estimate of wind speed and direction to be made 
by a group at the Department of Meteorology, 
Imperial College of Science and Technology, London 
The third Skylark carried three experiments meas- 
urement of atmospheric temperature and horizontal 
and vertical wind-speeds using the grenade sound- 
ranging method (University College, London), 
measurement of wind characteristics by usmg radar 
observations of metal foil eyected from the rocket 
(Imperial College, London), and measurement of 
electron densities in the ronosphere (Department of 
Electron Physics, University of Birmingham) 


New Australian Botanical Laboratory 


Tae new Australan Commonwealth Scientific 
and Industial Research Oiganization’s Cunningham 
Laboratory, which was recently opened by the Prime 
Minister of Australia, Mı Menzies, occupies a three- 
acre site m the grounds of the University of Queens- 
land at St Lucia, a suburb of Busbane It was 
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completed this year at a cost of £180,000 The 
Government of Queensland provided the site, con- 
tributed £15,000 towards the cost of the building, 
and built the access roads at a further cost of £10,000 
The work of the Cunningham Laboratory is par- 
ticularly concerned with pasture improvement in 
four regions known as the Wallum, the Spear Giass 
Zone, the Brigalow Serubs, and the Darling Downs 
These regions constitute an area of about 70 million 
acres, which 1s considerably larger than the State of 
Victoria Officers of the Division of Tropical Pastures 
(the main group housed in the Laboratory) hope to 
mtioduce a number of new grasses and legumes into 
Queensland pastures Plant collection officers who 
understand Queensland conditions have already 
collected promising species from South Ameca, 
Afiica, Hawau, the United States, India, Ceylon, 
Mexico, the West Indies and Contral America 


Preservation of Cornish Scenery 


Tre Mmuster of Housmg and Local Government 
has confirmed an order made by the National Parks 
Commission unde: the National Parks and Access to 
the Countryside Act, 1949, which designates about 
360 square miles of Cornwall as an “area of out- 
standmg natural beauty”, and not as a national 
park The designated areas include some of the finest 
and best-known coastal scenery mm Britam, and 
Bodmm Moor A large part of the Land’s End 
penunsula, a coastal strip from St Michael's Mount to 
Porthleven, and the whole of the Lizard penmsula, 
including the beautiful Helford Estuary, to the out- 
skirts of Falmouth are covered by the order, while 
other parts of south Cornwall meluded are the 
territory between St Mawes and St Austell, the 
Fowey Estuary to West Looe, and Rame Head to 
Mount Edgecumbe, overlooking Plymouth Sound In 
north Cornwall, the whole of the coast between the 
Devon-Cornwall county boundary, at Marsland 
Mouth, and Bedruthan Steps, north of Newquay, 1s 
included, apart from an area around Bude and part 
of the Camel Estuary between Polzeath and Padstow 
The order also covers the coast from Perranport to 
south of St Agnes Head, and between Portreath and 
Godrevy Towans The responsibility for preserving 
and enhancmg the natural beauty of the landscape 
iests with the local plannmg authority, Cornwall 
County Couned Government grants can be made at 
the rate of 75 per cent towards the cost of treating 
derehet land, tree-plantmg and preservation, and 
removing disfipurements Grants are also available 
towards expenditure meurred in making agreements 
or orders for public access to open country and in 
appomting wardens Designation does not provide 
any right of access to land not already open to the 
pubhe, nor does ıt affect the existing use of land, 
for example, the use of War Department land for 
muitary purposes 


Darwin Centenary 


For the fist time, a number of the Notes and 
Records of the Royal Socrety of London has been 
devoted to a single topic (14, No 1, June 1959) 
Its mam purpose is to celebiate the centenary of 
the publication of “Orgin of Species”, and this has 
been done most adequately It contains a fascmating 
collection of unpublished letters of Charles Darwin as 
well as an article on A R Wallaco which, «nter aka, 
directs attention to his essay of 1855, this hitherto 
appears to have escaped notice There are also bio- 
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graphical sketches of the four men who probably had 
most mfluence on Darwm—Erasmus Darwin, Lyell, 
Hooker and Malthus The essay on Malthus by Prof 
H J Habakkuk is of special interest and shows how, 
with his writings on population, Malthus provided 
the clue to the origin of the species both for Darwin 
and for A R Wallace This special copy of Notes 
and Records was designed to pay tribute to Darwin, 
and 1n itself 1s a tribute both to him and the Society 
which sponsored 14 
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Education as a Career 


THE Mimstiy of Education has pubhshed a pam- 
phlet intended to give university students a picture of 
the opportunities which exist fo. men and women to 
follow a career m education (“A Career m Education 
for University Graduates” Revised edition Pp 15 
London  Munistry of Education, 1959) It describes 
the trammg and types of work open to university 
graduates who become schoolmasters and school- 
mistresses, with particular reference to work m grant- 
aided schools It also refers to the financial aid 
available towards the cost of tiaming The appen- 
dixes which follow give up-to-date facts about 
teachers’ salary scales ın schools and about teachers’ 
pensions They also melude some information about 
opportunities for teaching in establishments of 
further education and t1amung colleges, and for work 
ın local educational administaation and HM Inspec- 
toiate There ae also opportunities for educational 
work in a variety of other spheres, both m Great 
Britam and abroad, and some of these are described, 


Handicapped Children 

THE thirteenth im a series of special subject book- 
lists prepared for the Library Association deals with 
handicapped. children in Britain (“Handicapped Chil- 
dren in Brrtam—Ther Problems and Education” 
Books and Articles published ın Gieat Biitam from 
the 1944 Education Act to 1958 Compiled by Mrs 
W A Axford Pp 53 London. Library Association, 
1959 4s) The compiler, Mrs W A Axford, of the 
Umversity of Birmingham Institute of Education, 
deseives the warmest praise for a painstaking task 
well done, the list includes details of books and 
articles published m Great Britam from the 1944 
Education Act to 1958 The bibhogiaphy covers all 
types of physical and mental handicap, but not 
psychological o1 social handicaps Articles of a 
purely medical nature are excluded unless they are 
of general mterest For easy reference the items are 
ananged m. alphabetical sequence of subject headings 


Film Strips for Schools 


Desprre the exciting potentialities of moving films 
and television as means of evoking mterests 1n school- 
childien, the teaching profession as a whole regards 
the still picture as an even greater aid to teaching 
The moving picture awakens interest and captures 
attention , teachers use still pictures to ensure that 
factual knowledge 1s retamed For this reason, they 
will once again be grateful to the enterprismg firm of 
Educational Productions, Ltd , for adding four more 
attractive and inexpensive coloured film-strips to 
its wide range One, showmg a variety of common 
garden insects, has been prepared by the well-known 
photographer, George Hyde, and would be of mterest 
to horticultural clubs es well as m. school biology 
classes ‘‘Resident British Buds” has been prepared 
m collaboration with the Royal Society for the 
Protection of Birds, the photographs are by Eric 
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Hoskmg and the sciipt by Philp Brown “Grasses” 
would be of particular use 1n sixth form and university 
botany classes, while "Seed Germunation" should 
find a warm welcome in secondary modern, secondary 
giammar schools and others where biology is taught 
to the General Certificate of Education, ‘Ordinary’ 
level (Educational Productions, Ltd Filmstrip 
No 5260 Insectsm the Garden 28 fames 16s 6d 
Filmstrip CX 6290 Seed Germmation 23 fiames 
27s 6d Filmstrip CX 6332 Grasses 27 frames 
27s 6d Filmstrip CX 6208 Resident British Birds 
33 frames 27s 6d East Ardsley, Wakefield 

Educational Productions, Ltd, 1959 ) 


Evolution of the Human Brain 


Tar James Arthur Lecture on the Evolution of the 
Human Bram, given by Prof D P © Lloyd, entitled 
“The Discrete and the Diffuse m Nervous Action", 
has now been issued (pp u+28 New York Amer 
Mus Nat Hist, 1959) His central theme is Cajal's 
concept of “les réflexes unilatéraux circonserits” 
and “les róflexes unilatéraux diffus" Much of Prof 
Lloyd's work has been concerned with the functional 
impheations of the anatomical distinction made by 
Cajal, and in this lecture he elaborates the 1doa that 
the circumseribed monosynaptie reflex 1s an accurate, 
rapid and discrete functional arrangement of advanced 
evolutionary status On the other hand, the diffuse 
reflexes volving interneurones constitute an organ- 
ized. although more plastic, system for synergic mass 
actions The latter are to be distinguished from the 
primitive mass action systems of many invertebrates 
by the ‘local sign’ they exhibit m performance 
There is little in this theme that is controversial, 
and much that can now be considered as consolidated 
m physiological thought but Prof Lloyd, as the 
author of a substantial part of the experimental 
evidence, develops the theme with great clarity and 
point 


Fodder Beet, Mangels and Swedes 


RevisEp leaflets describmg varieties of fodder beet 
and mangel and of swedes have recently been issued 
by the National Institute of Agricultural Botany at 
Cambridge In each of these crops the Institute has 
tested very large numbers of varieties, and these 
leaflets give details of the 1mportant root characters, 
the size of top and percentage bolteis of the varieties 
which have proved most successful in the tials 
Theso leaflets give the farmer the mformation he 
needs to make an intelligent choice from the be- 
wildermg range available Copies can be obtaimed 
by sending a stamped addressed envelope, saymg 
which leaflet 1$ required, to the Secretary, National 
Institute of Agricultural Botany, Huntingdon Road, 
Cambridge 


Announcements 


Te honorary officers and members of Council of 
the Association of Consulting Scientists for 1959-60 
aro Charman Dr J Q Davis, Hon Treasurer 
Dr G W Ferguson, Hon Secetay Mr W H 
Stevens, Park House, Hawthorne Road, Bromley, 
Kent, Members Dr M Barent, Dr H H Cham- 
bers, Dr J Grant, Dr J H Olver, Mr. O W 
Roskill and Mr F. G Sarel Whitfield 


TERRATU™ Tu Vue conuiniuniuubion ontitled “A New 
Crystalline Salt of Oxytocin” m Natu e of September 
26, p 981, par 3, line 4, for “33 mp" read “353 mp" 
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PROGRESS IN COKE RESEARCH IN GREAT BRITAIN 


N estabhshed annual event ıs the jomt meeting 
of the Coke Oven Managers’ Association, the 
Institution of Gas Engmeeis and the British Coke 
Research Association ‘These three mstitutions cover 
the techmeal interest of the carbonizing industries 
in all ıts facets This annual gathering has become 
noteworthy foi the fact that some matte: of absorb- 
ing interest 1s discussed at the meetings 
It will be 1ecalled that in the autumn of 1958 the 
Duke of Edmburgh opened the new Coke Research 
Centie of the British Coke Research Association 
at Chesterfield A special feature of this research 
station 1s that ıt contams, besides chemical and 
physical laboratories, a laige workshop laboratory 
for pilot-scale plant, an excellent information centre, 
and a full-scale plant for makmg coke and its by- 
products This last feature was a bold venture, which 
had been in the minds of the practical men of the 
industry for upwards of a decade 
At this year’s tripartite meeting, held recently, 
the directo: of the Research Association, Mr QG W 
Lee, gave an encowmaging account of the work that had 
been carried out during its fist year at the Coke 
Research Cente Natmally, everyone was interosted 
to hear how the full-scale plant had operated 
m practice, for the coke-oven manager knows full 
well the teething troubles that may be expected 
to be encountered m such an undertakmg Mr Lee 
was able to unfold a story of quite substantial 
success 
The coke oven ıs to be used foi producing sufficient 
coke to enable performance trials to be made of the 
resultant cokes im production blast furnaces One 
cannot use less than a hundred tons of fuel for trial 
on an industrial unit of such magnitude There is 
also a by-product plant to deal with the collection 
of tar and other products distilled from the carbomz- 
mg coal m the oven To overcome all the teething 
troubles successfully in the coldest penod of the year 
when there was 17°F of frost—and incidentally 
seventeen coke braziers reqwred—was no mean 
achievement To tram also the composite team of 
operators, having both technical ability and practical 
experience of plant operation, to 1un the plant 
had been a problem in human relations It has to be 
remembered that the plant was quite unique, and 
the earbonizing of each charge of coal a huge scientific 
experiment calling for accurate mstrumentation, 
measurement of numerous values and p1ecise analysis 


In the upshot, the standard of .epeatability of yields 
achieved was good, and m the final runs reported 
‘very good’, in Mr Lee's modest claims, we should 
say, ın such demanding conditions, excellent 

Perhaps the most satisfactory outcome of these 
tuals was to prove that the results of full-scale tr1als 
confirmed the usefulness of tmals m smaller experi- 
mental ovens, a range of which the Association has 
for. long been using Such a situation makes for 
accelerated progress m the matter of produemg still 
better qualities of coke from coals of dimuushung 
suitability for the purpose, as the reserves of colong 
coal of good quality become depleted 

The Coke Research Association has established, 
as have other research associations m Britam, a 
world-wide reputation for the quality of rts research 
In the new Research Station the equipment and the 
staff are such that the good work can be continued at 
an acceleiated pace 40 pei cent of its research 
effort 1s devoted to improvement in the quahty and 
yield of coke, and 11 per cent to the thermal behaviour 
of coal and the fissuring of coke The remesindex is 
eoneerned with a wide range of fundamental and 
applied studies that the futuro welfare of the mdustry 
demands 

The layman is 11ghtly concerned about the pollution 
of the aw and of the rivers which mdustriahzation 
carries m. its tram These subjects have not been 
overlooked The effluent problem m the cokmg 
mdustiy has many features m common with that of 
the gas industry, and accordingly these mdustries 
have jomed forces in tackling the water pollution 
problems that aise from them activities The Coke 
Research Association 1s supporting both financially 
and technically the work of the Jomt Research 
Commuttee and the University of Leeds through its 
Ammonia Effluents Sub-committee 

As 1egards the field of atmospheric pollution, 
investigations of the Coke Research Centre have 
included piehnunary studies of the chemical and 
physical natue of the smoke emitted from a coke 
oven Naturally, problems of suppression are also 
bemg studied 

All these matters that concern the future prosperity 
of the coal mdustay contain reassuimg features of 
particular interest to those enlightened sections of 
the British public which aheady recognize that the 
future of coal must depend upon the technological 
effort put into its utilization 


SOIL SALINITY COURSE IN TUNISIA 


OLLOWING an invitation of the Government of 

the Republic of Tunisia and with :ts sponsorship, 
Unesco’s Middle East Science Co-operation Office 
oiganized a Regional Trammg Course on Diagnosis, 
Iuguruvement and Management of Salt-affected Soils 
as & part of the Arid Zone Pinjeet (The enveso woo 
held m Tunis durmg September: 7—October 3, 1959 
It consisted of one week of lectures, followed by two 


weeks of laboratory woik and a field trip to the and 
regions and saline souls m Tunisia 

The chemical aspects were treated by In A D 
Ayers, formerly with the US Salmty Laboratory, 
Riverside, Cahforma, now with the Agmoultwal 
Research Service US Department of Agriculture, 
Rome, the geological and pedological aspects by 
Prof G Aubert, Institute of Tropical Soil Investiga - 
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tions, Office foi Techmical and Scientific Research 
for France Oversea, Bondy, France , and the physical 
aspects by Prof W R van Wyk, Agricultural 
University of Wageningen, Netherlands Dr Ayers 
served as general technical director 

Reclamation of saline soils and use of saline water 
for wrigation are problems of primary importance m 
Tumsi This was stressed by the President of the 
Repubhe of Tunisia, Habib Bourguiba, who opened 
the conference and welcomed the group Prof 
Kovda, directo: of the Unesco Department of 
Natuial Sciences and one of the foremost Russian 
soil scientists, thanked the president on behalf of 
Unesco Prof Kovda stayed at Tumis durmg the 
fast week of the course He and several French 
scientists, consultants to the Tunisian Government, 
gave lectures on special subjects as capillary mse of 
saline ground water, genesis of salme sois, Tumsian 
sous, plant associations m Tunisia, crop research m 
Tunisià, distribution and quality of surface and 
underground waters m Tunisia The Secretary of 
State for Education, Mahmoud Messadi, the Secretary 
of State for Agriculture, Abdessalam Kenam, and 
many other Tunisian authorities attended at one or 
more lectures 

The lectures and laboratory work were held m 
the Ecole Supéneme d’Agriculture (director Prof 
Haffani), where also the participants were housed 
There were thirty-two participants from ten Middle 
East countries Of these, fifteen were from Tunisia, 
the others from Iran, Iraq, Jordan, Lebanon, Lybia, 
Morocco, Sudan, Turkey and the United Arab 
Repubhe Most of the participants were graduate 
staff members of universities or research institutes and 
several held responsible positions in them countries 
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The enthusiasm and interest of the participants 
contributed much to the success of the couse 

The field trip was offered by the Tunisian Mimstry 
of Education Leaders were Prof G Aubeit and 
Mr Roederer, head of the Pedological Service of the 
Ministry of Education — First the Medjerda valley 
was visited where an ambitious and magnificent 
project of reclamation, land amelioration and Tiga- 
tion is in progress Thereafter the arid and desert 
areas m the south were visited where a variety of 
soils of different degrees of salinity were studied 
The capriciousness of the weather and the statistical 
meaning of the concept of climate were convinemgly 
demonstrated on that occasion A heavy thunder- 
storm caused a delay of several hours before the 
‘Landrovers’ could cross the flooded parts of the route 
Xanouan-Gafsa (annual precipitation between 4 m 
and 8 ın ) and the mam road Gafsa-Tozeur was badly 
damaged From Tozeur the field trip went to Kebili 
and Gabes, crossmg the famous salt marsh of Chott 
el Djerid ‘The plans were to visit the fast saline area 
around Gabes Again, however, a heavy thunder- 
storm interfered The expedition was practically 
isolated for two days in Gabes as the environments 
were flooded, and then had to return to Tunis 

This note on the Salmity Course would be meom- 
plete if no mention were made of the hospitality 
which the participants and m paiticular the Unesco 
mstructors received from officials and private per- 
sons, Tunisian as well as French On such visis 
the impressive achievements but also the still remain- 
ing problems of the young Republic m the fields of 
edueation, pubhe health, organization and employ- 
ment of labour were frankly discussed 

W R van Wuk 


THE NATIONAL CHEMICAL LABORATORY 


HE Report of the National Chemical Laboratory 
for 1958 follows the same general lines as previous 
reports (Department of Scientific and Industrial 
Research Report of the National Chemical Labora- 
tory, 1958 Pp iv+97 London HM Stationery 
Office, 1959 53s 6d net) After a prelimmary 
statement that the name of the Laboratory has been 
changed to indicate more precisely its true functions 
and that a steermg commuttee 1s now responsible for 
the research programme, the Report sets out the 
various hnes of work on which the Laboratory has 
been engaged Broadly speaking, these fall into six 
main groups the extraction of metals, the prepara- 
tion, of pue elements and compounds and the determ- 
mation of them properties, the corrosion of metals, 
the development of new materials, analytical research 
and services, and microbiology Some at least of 
these divisions have been represented by work in 
the Laboratory over a period of years, that on the 
corrosion of metals bemg a special case im pomt 
Each year, however, new problems have come forward 
and as a result ıt appears that the staff of the Labora- 
tory ıs now much larger than ıt was formerly 
In addition to its own work the Laboratory has 
for some years maintamed an advisory service 
Each year numerous inquiries are received for advice 
and assistance on all topics related to its own work, 
particularly such as concern the corrosion of metals 
and the purification of organic compounds In 


addition, the Laboratory is often approached for 
advice on topics quite outside the scope of its re- 
searches One example mentioned m the field of 
corrosion is that of the pitting of domestic copper 
piping ın a housing scheme, and others show that this 
advisory service must be a valuable feature of the 
general activity of the Laboratory and that the 
problems coming in through ib may sometimes 
prove very suggestive and important m relation to 1ts 
own work 

The parts of the Report dealing with corrosion show 
that some fundamental work on the mechanism of 
corrosion is proceeding alongside investigations on 
various aspects of more directly practical interest, 
such as those on 1nhibitors Work on the extraction 
of metals included studies of the extraction and 
recovery of uranium from a variety of ores, which 1s 
of interest to the United Kingdom Atomic Energy 
Authority, and on the separation of the rare earths 
Of special interest is the section of the Report dealing 
with the preparation and properties of pure elements 
and compounds In the case of metals 1t has long 
been known that the presence of even minute traces 
of impurities, sometimes so small as to prove extremely 
difficult to detect by ordinary analytical procedures, 
can lead to profound changes in properties such as 
hardness and chemical activity The increasing 
importance of pure metals in modern metallurgical 
technology makes this part of the work of the 
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Laboratory of great mterest The zone-refining 
technique has necessarily played an umportant part 

The section of the Report dealmg with the develop- 
ment of new materials is largely concerned with 
ion-exchange resins and the permeability of mem- 
branes This part 1s written up m rather greater 
detail than the rest of the Report and hence 
makes interesting readmg The underlying ideas are 
more carefully presented, and there are good graphs 
of the results As a general criticism 16 might bo said 
that a good deal of the rest of the Report is presented 
so briefly that 16 cannot arouse much interest except 
among specialists, but the part on new materials does 
seem to have achieved something m this dnection 
It would be unfair to contrast with this the eleven- 
page catalogue of strains of bacteria at the end, but 
the different parts of the Report vary quite consider- 
ably m appeal to the non-specialist scientific reader, 
and perhaps in future greater attention could be 
given to this aspect It has obviously been a difficult 
problem for the director and his staff to compress 
ther material into pre-ordained limits, but a tendency 
to produce information as fiom one specialist to 
another has cramped the style in some cases 

The general work m the Laboratory now includes 
emission and infra-red spectroscopy, muicro-analysis 
and polarography ‘The first two might seem to 
encroach to some extent on the field of the National 
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Physical Laboratory, but the researches are evidently 
directed towards chemical problems Some work on 
various compounds of boron 1s of interest although it 
seems to have been hmuted to organic compounds 
The immediate aim, 15 1s said, has been to provide 
background knowledge of the chemistry of the boron- 
mitrogen system and to prepare a range of mter- 
mediates from which thermally stable and other useful 
materials may be made The general impression 
conveyed by the Report ıs that morganic chemistry, 
which has now become of extreme importance, has 
perhaps received less attention than it should do, 
and the metals have, perhaps understandmgly, 
monopolized a large share of the interest 1n the field 
The Report as a whole 1s a record of work of gieat 
value, but with the extension of staff and work the 
question must arise whether it 1s now possible to 
cover the results m an interesting and understandable 
way in less than a hundred pages It is tiue that 
much of the work will ultimately be published m a 
more extended form, but 1t will then tend to be lost 
in the enormous field of specialist literature It 
mught be worth considermg whether the Report 
could be enlarged to double its present size (and, 
of course, at greater cost to the purchaser) and an 
attempt made at the same time to deal with topics of 
wider interesb in a way which would attract the 
general scientific reader J R PARTINGTON 


MUTATION OF BACTERIA AT HIGH LEVELS OF SURVIVAL 
BY ETHYL METHANE SULPHONATE 


By ANTHONY LOVELESS 
Chester Beatty Research Institute, London, S W 3 


THYLATION was first described as a mutation- 

indueing process (“alkylation of the gene mole- 
cule") by Rapoport!, who used diethyl sulphate as 
the reagent and Drosophila melanogaster as the test 
material Subsequent work has revealed that 
ethylating agents appear to have unique properties 
as mutagens ina number of systems Thus, treatment 
of phage T2 n vuro by either diethyl sulphate or 
ethyl methane sulphonate results m a considerably 
increased yield of both plaque-type and host-range 
mutants m the first cycle of infection by the treated 
phage of untreated cells of Escherichia cole strain B 
(ref 2) and stram B/r (Loveless, unpublished) No 
other alkylating agents have so far been reported as 
sharing this property Heslot et al? have reported 
that the yield of mutants afforded by barley seeds 
treated with ethyl methane sulphonate much exceeds 
that of seeds treated with a wide variety of other 
alkylating agents, diethy] sulphate, also, was found 
to have unusual properties! Kelmark® found that 
diethyl sulphate provoked an appreciable number of 
reversions at an inosrtol locus of Neurospora which 
had proved relatively intractable to other reagents 
There ıs no evidence from the results of the Fahmys® 
of any dramatic mutagenic effect of ethyl methane 
sulphonate m Drosophila m comparison with its 
homologues, but ıt 1s probable that this compound 
was not tested at the high doses which its low toxicity, 
as measured m,other organisms, might be expected 


SHEILA HOWARTH 


Guinness-Lister Research Unit, Lister Institute of 
Preventive Madicine, London, SW I 


to permt D M Green (personal communication) 
has reported confirmation of the results with T2 
phage and an extension of the finding to T4 

There was thus reason foi supposmg that the 
unusual genetic effects of ethylation were widespread 
m the organic world, and we were accordingly 
prompted to investigate the mutagenic effect of 
ethyl methane sulphonate upon bactena We wish 
now to report the production, consequent upon treat- 
ment with this compound, of high yrelds of revertants 
of a cystine-requiring mutant of Salmonella typhwmur- 
wm stram L'T2 and of mutations to phage T6- 
resistance in Zscherwchwus cold stram B and Bir In 
addition, preliminary experiments yielded five auxo- 
trophic mutants of S typhimurium stram DT2 out 
of 1,090 colonies tested, each having a different 
nutritional requu ement 

(1) S typhimurium stram LT 2, cysA-217 (requiring 
cystine) was grown m synthetic (M-9) medium plus 
cystine at 40 pgm /ml from al 100 moculum fiom 
an overnight culture ın the same medium At 
approximately 2 x 10* cells/ml the culture was 
spun, washed m M-9 medium lackmg cystine and 
resuspended at c 10! /ml m a small volume (c 
3 ml ) of 0 4 M ethyl methane sulphonate for 15 mm 
treatment at 37? C (Survival tests carried out mde- 
pendently showed that thus treatment left about 70 
per cent viable cells, m the mutation experiments 
the actual recovery was only 10~20 per cent owing, 
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at least 1n part, to losses m centrifugation Since 
the treatment was given by re-suspending a centri- 
fugal pellet with residual buffer, the final concen- 
tration of ethyl methane sulphonate was probably 
nearer 0 35 W Care must be exercised in the use 
of ethyl methane sulphonate and some other alkyl- 
ating agents? at concentrations nearmg saturation 
since toxic effects other than those due to alkyla- 
thon may become pronounced (Ethyl methane 
sulphonate is saturated at about 0 5 M ) At the end 
of the treatment the suspensions were diluted tenfold 
into phosphate buffer to mmumuze further action, 
re-spun and re-washed to remove ethyl methane 
sulphonate, and plated on minimal medium enriched 
with 0 01 per cent dehydrated ‘Difco’ broth (c 15 x 
105 or 1 5 x 107 cells per plate), and at appropriate 
dilutions on mmumal-plus-cystme medium and on 
bioth agar Control plates were made similarly from 
the re-suspended cells before the last centrifugation 
prior to treatment 

Revertant colonies, that ıs, colonies non-exacting 
for cystine, were of two mam types large colonies 
assumed to be due to back-mutation, and small 
colonies attributable to partial reversion, phage 
grown on the latter was able to transduce the mutant 
strain cysÁ-21 and other mutants of the same group 
to a ‘small-colony’ form By analogy with simular 
revertants of this strain previously analysed’, they 
may be interpreted as being due to suppressor 
mutation The results are given m Table 1 








Table 1 
Total viable Large-colony | Small-colony 
cells plated revertants revertants 
Untreated 5 x 108 5 18 
Treated. 10° 1,094 47,110 





The counts were made afte: four days meubation 
The total viable cell value 1s based upon colony 
counts on minimal-plus-cystine plates, smee these 
were higher than upon broth agar 

(2) S typhwnurwum stram LT2 (wid type) was 
handled as above except that rb was grown m munumal 
medium without cystine and plated ultimately on 
nutrient (broth) agar  Rephea plating on to mmimal 
medium revealed 5 auxotrophic colonies out of 1,090 
printed These were checked by 1¢-streaking on both 
media and by testing for sensitivity to phage PLT 22 
stran H5 All five were tiansducible to prototrophy 
by phage PLT 22 grown on wild-type cells Four of 
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adenine, cystine and glutamic acid respectively The 
fifth ıs not yet identified 

(3) E colh stram B or B/r was grown m broth from 
an overnight culture to c 5 x 10? cells/ml and con- 
centrated to 2 x 10°/ml for treatment ın M-9 buffer 
(It is necessary to use phosphate buffer since the 
reagent hydrolyses, albert slowly, to grve methane 
sulphonic acid, which 1s not adequately buffered by 
bioth ) Stram B was treated with a 0 1 M solution 
for times ranging from 8 mm (100 per cent survival) 
to 15 mm (20 per cent survival) and strain B/r with 
a 0 2 M solution for 10 mm (70 per cent survival) 
Treated cells were diluted tenfold, washed, re-sus- 
pended in bioth at c 108 viable cells/ml and aerated 
at 37° C Samples were withdrawn immediately 
and after various times of aeration for determmation 
of total viable count and for assay of T'6-resistant 
mutants (B/6) For the latter purpose, samples 
were mixed with phage T6, affording a multipheity 
of between 10 and 50 for 5 min and then spread on 
plates each pre-spread with 10° phage particles, and 
meubated overmght at 37° C After each 2-hr 
aeration, the cultures were diluted I 20 to preserve 
logarithmic growth The genumeness of the putative 
B/6 colonies was confirmed in a representative number 
of cases by replica-platmg on to agar spread with 
10° T6 particles/plate The results are given m 
Table 2 

The experiments with strain B were repeated a 
number of times, varymg the conditions, moludmg 
the subdivision of the control and tieated cells mto a 
number of parallel cultures, but in all cases the result 
was similar At 100 per cent survival the result was 
less dramatic but the yield of mutants always rose 
to between 5 and 20 tames the contiol 

Demerec? distrusted the procedure of growing the 
cells m fluid medium after treatment, on the ground 
that i5 did not permit discrimination between the 
progeny of early or pre-existent mutants and newly 
emerging mutants Our controls indicate that there 
is no difference between the time of generation of 
wild-type and mutant, nor selection effect of a suffi- 
cient order to mvalidate the procedure adopted here 

The main purpose of this article 1s to direct atten- 
tion to the unusual properties of ethylatmg agents 
as mutagens Ther apparent uniqueness could be 
attributed to ther extremoly low toxierty which 
permits the use of much higher doses (from the pomt 
of view of the amount of chemical reaction sustamed) 
than 1s the case with other alkylatmg agents From 
this point of view the genetical observations present 





























these have been identified as requrmg histidme, a problem to the chemist and biochemist Our 
Table 2 
Time (hr ) of No of divisions (approx ) Viable cells plated x 1077 | BIE B/6 ] 10? cells 
aerationin broth |. —————————— rn eatea ——————————M——————————— 
Control Treated Control (19 per cent Control Treated Control Treated 
survival) 

0 2 83 0 54 22 4 77 74 
2 P 5 2 190 2 16 112 20 59 92 

4 56 7 7 08 4 19 35 552 49 131 

6 9 11 4 45 3 31 26 1,394 58 421 

8 13 16 3 66 3 92 24 t 1,586 65 404 

No of divisions (approx ) Viable cells plated T Biri Bir/6 | 107 cells 
reate 
Timer Control Treated Control (67 per cent Control Treated Control Treated 
survival) i 

0 3 24 2 16 17 27 52 125 
? 2 2 14 94 801 55 92 36 114 

4 45 5 357 3 89 22 287 61 74 

$ 9 95 493 3 42 36 2,049 73 509 

8 135 14 7 32 5 60 | 43 2,840 58 489 
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more exclusively chemieally-munded colleagues have 
tended to iegard alkylating agents m the capacity 
of anti-mitotic substances as mere destroyers of 
deoxyribonucleic acid and have, mdeed, adduced 
much evidence of this potentiality In ther capacity 
as mutagens, however, assummg, as we know to be 
the case with phage, that this 1s mediated by reaction 
with deoxyribonucleic acid, extensive degradation of 
the genetic material can play no part unless one 
assumes that the ultimate mutagen 1s a breakdown 
product of deoxyribonucleic acid This is unlikely 
since we know, for example, m the case of bromoura- 
ct that ineoiporation of unnatural components 
into deoxyribonucleic acid is itself only a pie-muta- 
tional step The possession of a mutagen which 1s 
active at high survival-levels provides an opportunity 
of identifymg the reactions constituting the pre- 
mutational step unobscmed by lethal side-effects 
In the case of bacteria we would lke to establish 
whether in fact the ultmmate mutation arises as a 
consequence of a primary reaction with deoxyribo- 
nueleie acid, leading perhaps to faulty replication at 
the actual site of reaction, and are considermg the 
use of bacterial conjugation or transduction for this 
purpose 

From a different point of view, we feel that ethylat- 
ing agents may raise chemical mutagenesis from the 
level of a laboratory trick to that of considerable 
practical importance, for example, m the field of plant 
breeding and industrial microbiology, and can fully 
agree with the words of Heslot et al?  * nous 
considérons que ce corps peut avow une utilisation 
pratique immédiate pour Pmduction expérimentale 
de mutations chez les plantes eultivées" A method 
of preparation of ethyl methane sulphonate has been 
described by Ross!? 

In respect of one of us (A L), this investigation 
has been supported by grants to the Chester Beatty 
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Research Institute (Institute of Cancer Research 
Royal Cancer Hosprtal) from the British Empure 
Cancer Campaign, the Jane Coffin Childs Memorial 
Fund for Medical Reseaich, the Anna Fuller Fund, 
and the National Cancer Institute of the National 
Institutes of Health, US Pubhe Health Service 
Note added wn proof The sharp increase m toxicity 
of the ethyl methane sulphonate at concentrations 
nearing saturation reported above has now been 
shown to have been due to an impurity We are 
unable to state the natwe of this impurity, or 
whether ıt was present ın the freshly prepared ester 
or developed on standing It is certam, however, 
that the contammant was neither an alkylating agent 
nor a mutagen im the systems studied The yields of 
mutants given above are, therefore, valid but do not 
represent the maximum obtamable at the survivals 
indicated 
Using a more highly purified specimen i6 was 
possible to treat B/r with a 0 3 M solution for 80 min , 
namely 45 x the dose employed previously, while 
retaining virtually 100 per cent viability The yield 
of B/r/6 colonies obtamed after such a treatment rose 
to 10,740/10? cells plated after 15 divisions of the 
treated cells , controls behaved as previously 
1 Rapoport, I A, Dok Vsesoyuz Akad Sel’sho-Khoz Nauk V I 
Lenina, 12, 12 (1947) 
3 Loveless, A , Nature, 181, 1212 (1958), Proc Roy Soc, B, 150, 
497 (1959) 
? Heslot, H , Ferrarv, R , Lévy, R , and Monard, C ,CR Acad Sa, 
Panis, 248, 729 (1959) 
‘Heslot, H , and Ferrary, R , Ann Inst Nat Agron , 44, 3 (1958). 
*Kolmark, G, C R Lab Carlsberg, Sér physiol , 26, 205 (1956) 
‘Fahmy, O G , and Fahmy, M J , Nature, 180, 31 (1957) 
* Demeree, M , Amer Naturalist, 89, 5 (1955) 
* Loveless, A , and Stock, J C , Proc Roy Soe, B, 151, 129 (1959) 
* Howarth, S , Genetws, 48, 404 (1958) 
V Demerec, M , Proc U 8 Nat Acad Ser, 82, 36 (1946) 
“Titman, R H, and Pardee, A DB, Nature, 178, 529 (1956) 


a Br Ply C J, and (in pari) Davis, W, J Chem Soc , 2420 
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FOSSIL POLLEN FROM SEYMOUR ISLAND, ANTARCTICA 
By LUCY M. CRAN WELL* 


Auckland Institute and Museum, Auckland, New Zealand 


USEN!, Gothan? and Halle’, who worked on 
plant fossus collected by the Swedish Antarctic 
Expedition of 1901-3, make no mention of mucro- 
fossils m the material Halle? explained that the 
mode of deposition of the plant layers in the dark, 
slaty Jurassic beds of Hope Bay, near the northern 
tip of Graham Land, precluded study of the sporangia 
on the fronds of a species of T'odues, fo. example 
Dusén! and Gothan? do not seem to have looked 
beyond their poorly preserved leaf and wood frag- 
ments, respectively, when deahng with the younger 
deposits of Seymour Island and its environs It ıs 
fiom this area that I have now found pollen grains 
and spores—the most durable and most conservative 
of plant organs, as well as the most eloquent indicators 
of past vegetation and possible climates 
The following notes on the microflora of a small 
rock sample from Seymour Island are thus, so far 
as I can discover, among the first published records 


* Present address 


Geochronology Laboratories, University of Ari- 
zona, Tueson Š 


of fossil microspores from the Antarctic Sw Alberg 
Seward provided the first with the type of Patyo- 
spores the second has just come to hand as a list 
in the September report of the Austiahan National 
Antarctic Research Expeditions These important 
contributions are discussed more fully at the end of 
this article 

Bunt‘, m his prelimmary ieporb on Macquarie 
Island hgnites, deplores the fact that so httle use 
has been made of pollen m studying these southern 
deposits I agree with Dr Bunt, but I do not think, 
as he does, that the muicrofossil approach has been 
ignored , rather, I would suggest that some of the 
matrices have proved recalertrant Where I once 
failed to find recogmzable remams in a Kerguelen 
sample, Cookson’ isolated evidence of a flora par- 
ticularly rich in conifers from ‘coaly’ and other 
materials from this subantarctic island Again, 
although I have just had some success with Seymour 
Island material, I faled im 1939 to recover either 
pollen grains or spores from the same 10ck sample 
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Fig 1 Map showing position of Seymour Island in relation to 
Palmer Peninsula, formerly known as Graham Land 

In view of the considerable age of the parent 
deposits, on which Dusén! and Halle? did not agree, 
and Because of the dearth of mformation about 
antarctic and subantarctic plant fossils ın general, 1b 
seems worth while to present a brief account of the 
most strikmg components so far noted A fuller 
report will follow after futher study and an exchange 
of opinions with others interested m plant distribution 
in these regions 

On Seymour Island (Fig 1) sandstones he at the 
surface, or are partly covered by huge angular blocks 
of basalt, whereas on nearby Ross Island and on the 
mainland they are hidden by the voleanics — Dusén! 
writes of coarse-gramed tuff and caleareous sand- 
stone, of some fine-gramed material, and of the 
extreme rarity of richly calcareous maternal In 
deciding that these fossiliferous layers are not of early 
Tertiary age he seems to have been most influenced 
by the likeness of his fossil leaves to ther lying 
counterparts, as also to magellanie fossils he had 
already dated as Upper Oligocene or Lower Miocene 
In addition he beleved strongly that a subtropical 
element occurred in the lowlands of Antarctica and 
that this antedated the spread of the Fagaceae 
northwards to form the so-called Fagus Stage m 
South America For fifty years the Seymour Islands 
beds have thus been ieferred to as Eocene or Olgo- 
cene Harington* does not mention the area m his 
summary of recommended names for antarctic rock 
units, as his committee dealt only with East Antare- 
tica, but he has informed me, after reading part of 
my manuscript, that recent work by British geologists 
with the Falklands Islands Dependencies Survey has 
shown conclusively that there 1s an angular uncon- 
formity on Seymow Island the beds in the south- 
west are Cretaceous (Lower to Middle Campanian) 
while those in the north-east are probably Lower 
Miocene ‘This clears up the long-standing confusion 
and makes it clear that no early Tertiary deposits 
have been discovered 

My sample was collected by the Swedish Expedition 
and it 1s numbered 260/39 ın the collections of Auck- 
land Museum Before sampling ıb looked most 
unpromising, bemg a very small, pale grey, fine- 
gramed and weakly lammated fragment, quite unlike 
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most of the material handled by Dusén Only the 
faintest flecks of carbonized remains showed before 
the lamina were separated to reveal a tew larger but 
excessively macerated leaf traces As the matrix 
called for further examination, I submitted it to 
Prof John W Anthony, University of Arizona 
Geology Department, who describes 16 as “essentially 
a tufaceous limestone" (personal communication) 
A thin section showed the following minerals after 
leaching calerte, quartz, plagioclase and orthoclase 
feldspars, and amphibole (probably hornblende), and 
a fairly large peicentage of curved glass shards Of 
this association of mmerals Prof Anthony adds 
“Apparently this glass was ejected from a volcanic 
vent at the time the lunestone was forming and it 
settled through water to become incorporated into 
the unconsolidated limestone The other mineral frag 
ments, together with a few of what appear to be igneous 
rock fiagments, settled in the same way" An extieme- 
ly small faunal component was noted m this section 

The attrital component, treated with a modified 
Schulze’s solution, comprises pollen grams, pterido- 
phyte spores, fungal teleutospores, mere traces of 
algae and fragments of cuticle Preservation 1s some- 
times excellent, but most of the pollen grams are 
broken or eroded, and wood and cuticles are macerated. 
almost beyond recognition, although occasional hars 
persist Some of the larger and seemingly more 
fragile grains, 50u and more in diameter, are also 
the best preserved This contrast suggests a history 
of abrasive water-carriage, on one hand, and gentler 
sifting down through the air of wind-blown types to 
the rendezvous m. coastal sediments 

As these notes wili show, there is sufficient mixture 
of familar floristic types to suggest derivation from 
varied communities, probably mamly from forest at 
different elevations The lugh percentage of un- 
famihar pollen giams in particular suggests that some 
types may have been washed in from older deposits 

The dommants, as indicated by the pollen, are 
conifers and southern. beeches (species of Nothofagus) 
a similar assemblage occurs to-day all around the 
southern hemisphere (with the exception of the 
African-Madagascar region) and in montane New 
Gumea and New Caledonia, as Di van Steenis's 
ieports' on the results of the Archbold Expedition 
recently showed In New Zealand ıt has been traced 
as far back as the Cretaceous?-19 

GYMNOSPERMS mainly podocarps and araucar- 
ians Araucaria grains are mamly smaller than those 
deseribed by Cookson’ from Kerguelen deposits 
Agathis and other furrowless coniferous types appear 
to be present, m a crumpled condition — Bisaecate 
and trisaceato grams are farly common, ranging 
through tho Podocarpus — Acmopyle — Dacrydvum — 
Phyllocladus complex®t, together with alied but 
distinctive forms foreign to those of the livmg species 
The phyllocladoid component is varied, the grains 
often being less than half the size of known hving 
and fossil types®.81° In Fig 2(4) ıs shown a Phyllo- 
cladus-like grain (to be deseribed elsewhere) about 
l7» m length, which has the ‘spunky’ bladdeis 
reminiscent of some living dacrydia No tuberculate 
grains were seen Most lager gams tie m with 
Podocarpus, Acmopyle and the Dacrydia seemmgly 
most nearly allied to Podocarpus? [Fig 2(2,3)] the 
smaller grains seem to suggest some meeting ground 
between Phyllocladus and the second pollen group 
in Dacrydwum (typified by D cupressinum, D bid- 
will, ete ), both of which have radially strengthened 
bladders Where grams are small, smooth, furrowed 





Fig 2 Mierospores fossil from Seymour Island (1-7) , living types (8-11) (A) Cyathea- 


like fern spore, 254 (1) (B) Pollen grains (a) coniferous 


and variously folded along the furrows, 15 18 1mpossible 
at this siage to tell whether they belong to gymno- 
spermous or palmoid types [cf Fig 2(5)] 

ANGIOSPERMS All the fagaceous pollen recognized 
falls into the first two of the three known Nothofagus 
pollen groups, as exemplified by the following living 
specios!i01211 — (1) fusca, grain rounded in outhne, 
exine firm, scabrate, pore rums strongly thickened , 
pore membranes sunken, (2) brassw seemingly an 
intermediate type grams usually strongly angled, 
often embayed between angles, rim-thiekenmg and 
pore membranes reduced or lost, and (3) menewwsw, 
which has larger, thmner-walled, sharply scabrate 
(spmulose) grams, and only vestiges of pores, then 
function. bemg taken over by wide furrow-like areas 
(as in most species of Quercus) which rupture char- 
acteristically under pressure All members of these 
pollen groups are anemophilous forest-formers to-day, 
and some form low scrub unde: adverse conditions 
The fusca group is important m southern South 
America, Tasmania and New Zealand , m New Zea- 
land, at least, hybridism between its members 18 
rifo!is Pollen of the brassy type was first isolated 
from Miocene deposits m New Zealand’? lving 
species in New Guinea and New Caledonia aro now 
known to pioduce pollen of this type exclusively! 

The menzresw group 1s found to-day m cool forests 
of South America, and m Australa, Tasmania and 
New Zealand Its fragile pollen grains occur m low 
frequencies m peats, ete I have not found any in 
the Seymour Island material, although Dusén! com- 
pared fossil leaves with those of N obliqua, a South 
American member of this group It 1s to be expected 
that some trace of its pollen will be found somewhere 
between theso western and eastern hmuts, possibly 
in even older deposits than those of Seymour Island 
In New Zealand, Coupei!? has recorded pollen closely 
allied to that of N menzwsu as fax back as the Upper 
Cretaceous, and he considers that his cranwellae 
type (brasse group of Cookson and Pikett) goes back 
to the Lower Cretaceous This type has its oldest 
Australian record in the Tertiary 

All the antarctic beech pollen is small, ranging 
from about 14u to 24u This puts it at the lowest 
range of brasse-group pollen ^ Some grams approach 
the brass: type, but all that I have seen lack embay- 
ment of the ihtercolpar areas 
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of Podocarpus-type (folded, 
showing one bladder, 2, 8), Phyllocladus, 17u, focused on lower bladder (4), P alpinus, 
28u New Zealand, (11), (b) palmoid, 254 (5), (c) dicotylous (0-10), Nothofagus pollen 
grains of fusca group, 24u, folded 1n half (6), living fusea, 37u, New Zealand, N whenua 
nsp,18 5u (7), N bernhardi, 234 of brass. group, New Guinea (8), of N menzwsu, 
55u, New Zealand (9), with inset showing fissurable points on equator 
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One very small and distinctive 
type, which I am nammg N 
whenua, may be compared with N 
bernhards of New Guinea, as figured 
by Cookson and Pike'* However, 
i5 has features that lead me to 
surmise that the menzzesw group, 
despite rts large size, could be a 
lineal descendant of this or an 
earlier small, sturdy, star-like gram 

Both the gymnosperms and the 
angiosperms of Seymour Island, 
therefore, suggest antiquity through 
thew pollen 1ecord 

Various famules are represented 
im lowe: frequencies, for oxample, 
Cruciferae, Myrtaceae, Proteaceas 
(aff Lomatia, as figured by Auer 
et al 16), Loranthaceae (aff Loran- 
thus micranthus), Oenotheraceae 
(badly eroded Fuchsia-hke grains, 
comparable with those of F magel- 
lanca), and perhaps Winteraceae 
of unrecorded type Various very 
small grains (9-202) are fairly common, they may 
belong to the Cunomaceae (cf Weenmannia) or the 
Elaeocarpaceae Even with sub-fossil material of 
this nondescript type identifications are not easy 

Prermopruyres Spores occur spaimgly and are 
usually well preserved The Cyatheaceae is repre- 
sented by weakly trilete verrucose spores, and the 
Schizaeaceae by a very rare and small spore with 
striations remmuscent of the massive Schizaea laevigata 
spore described by Sellmg’? from New Caledonia 
Halle? reported both famules from his Jurassic 
material 

The perfect condition of some of the very small 
pollen grains ıs of interesb 1t may be that abrasion 
is most severe when grains aie greater than 10-l5y 
in size 

No spores of lycopods or pollen grams of Composi- 
tae, Centroleprdaceae, Restionaceae Pandanaceae, 
Gramineae or Cyperaceae have been recognized These 
absences seem significant Among the unidentified 
types were tetrads and spiny grains, a few heavily 
reticulate grams, and a palmoid group already 
mentioned It should be noted that the total number 
of microspores or fragments, per slide, 1s exceedingly 
low 

Dating Redeposition of microspores from older 
beds has been noted as a possibility This older 
component may well be Cretaceous a Senonian (for 
example, Campanian) date does not seem excessive to 
me For the younger component an upper Tertiary 
limit cannot as yet be hazarded ıb contains types 
represented m early Tertiary deposits elsewhere m the 
southern hemisphere and seems to lack others, such 
as grasses, sedges and composites, which are usually 
present by the Miocene 

These records enrich the antarctic lists derived 
from megafossils They give no evidence of the 
presence of Fagus (as reported by JDusón!) but 
emphasize instead the importance of Nothofagus in 
the antarctic background As pollen evidence accumu- 
lates m the southern hemisphere so shrmks the Fagus 
empire postulated m the wiitings of von Ettings- 
hausen, and 18 replaced by à condominium of southern 
beeches and conifers, which aie still, in very simular 
form, compatible ın cool areas to-day 

PrrvosPORITES ANTARCTICUS I referred earlier to 
Seward's controversial note of 1914!*, in which he 
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described a small plant body as a two-winged pollen- 
gram This object was lodged m a partially decayed 
stem of Rhexoxylon prestleys found by Sir Raymond 
Priestley in à boulder of Beacon Sandstone on the 
medial moraine of the Priestley Glacier, behind Terra 
Nova Bay, in Victoria Land 

Seward's mterpretation of this melusion met with 
such opposition, except, perhaps, from Dr H Ham- 
shaw Thomas and Dr and Mrs Harry Godwin, that 
by 1933? he was writing wistfully of “my unfortunate 
pollen grain”, and pleading for his “fancy” that 
“Fancy with fact 1s Just one fact the more” The 
opposing camp held to its view that he was probably 
dealing with a crushed pith cell 

Seward had instituted the genus Pityospories to 
1ecerve the new matemal (of which two examples 
were found), thinking that ıb could include other 
pollen grains of similar size belongmg to “Pinus and 
other AÁbietineae" He soon decided, however, that 
he had over-stressed likeness to this northern group - 
on geographical grounds such pollen grams were 
more likely to have been produced by some member 
of the predominantly southern  Podocarpaceae 
Florm** accepted this reasoning as he writes of the 
grams as "possibly podocarpaceous” in his valuable 
paper on conifers of Chile and other southern lands 
Seward, however, had pomted out that other groups 
known to have occurred m Antarctica could have 
produced these two-wmged grams The question of 
them identity, as of the age of the boulder, was thus 
Jeft open 

If wo grant, as I am happy to do, that Seward 
really discovered pollen grains, ıb 1s interesting to 
dwell further on the characteristics supphed by, or 
suggested by, his description and illustrations In 
size (80u) the objects are comparable with pollen 
gramms of some living species of Panus and Podocarpus, 
but come closer to the latter m the outlme of the 
thick-walled cap, the strongly rhomboidal body, and 
the rather large distinctively reticulate wings, which 
show up best in the 1914 photomicrograph If the 
sandstone m which the stem was embedded proves 
to be beyond the time-range of known members of 
the Podocarpaceae, other possibilities must be 
considered, and Seward has already mentioned 
Glossopterws and the Caytomales Concerning the 
former, Balme and Hennelly** hold that there is still 
inadequate proof of the discovery of mucrospores 
Those of the Caytomales differ fiom the antarctic 
type m ther strikingly smaller size (loss than 36u, as 
a rule, mcludmg the wigs), rounder, smaller bodies, 
narrower furrows, and a tendency, at least m some 
shown me by Dr Jane Gray, to develop radial 
("dacrydiocid") wing thickenmgs In addition, the 
body 1s httle overlapped, if at all, by the wmgs On 
the other hand, the antarctic grain is matched for 
size by microspores of Pteruchus, produced by 
pteridosperms (seed-ferns) and first deseribed by 
Thomas?* (see also Couper? Pl 26, Fig 9) from 
possible Middle Triassic beds ın Natal, and, among 
other localities, from Australis as well m the southern 
hemisphere by Balme and Hennelly?! In some 
examples the body 1s seen to be partly hidden by the 
wings Illustrations have been presented in distal 
view, the wigs appearmg flat this appearance 1s 
also characteristic of certam living species of Dacry- 
duum and Podocarpus, the apparently flaccid wings of 
which are nevertheless seen to be more ox less turgid 
if a lateral view can be obtained Thus, after 
acknowledging very strong similarities to podocar- 
paceous grams, we come full cycle to consider 
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whethe: the bodies m the pteridosperm stem 
(Rhexoxylon) may not have been ptendosperm 
pollen grams 
MIAN RECORDS Thanks to the co-operation of 

Dr H J MHarrmgton (personal communication 
October 19) I am able to summarize the results of 
very recent microspore studies of carbonaceous shale 
and coal from the Amery Formation, which Ciohn* 
states is regarded as the equivalent of the hthologic- 
ally and structurally similar beds of the Beacon 
Formation” Dr Crohn reports thirteen types and 
is able to assign a Permian age to these deposits - 
his identifications were supplied by Permian special- 
ists at the Coal Research Section, Commonwealth 
Scientific and Industria] Research Organization, 
Sydney ‘Trilete spores amounted to 9 per cent, while 
ll per cent were monocolpate and unwinged, and 
80 per cent bisaccate, or with an encircling wing, as 
m the two forms of Florinies — Bisaccate types 
meluded high frequencies of Lueckisporites (distin- 
guished by stmations on the proximal (cap) side of 
the gram) but only 2 per cent of Prtyosporites sp 
Fuller reports will be awaited with great mterest 
Strong Australian and Indian affinrties can be 
assumed from comparison with other work on 
Gondwanaland forms by Dr OC Virkki m India, 
and by Balme and Hennelly m the Austrahan 
region 

I wish to thank Prof Terah L Smiley and Di 
Jane Gray of the Geochronology Laboratories, Piof 
John W Anthony of the Geology Department, and 
Mr Dick Shutler, jun, all of the University of 
Arizona, for help of various kinds Mi Shutler gave 
me much laboratory assistance, including the running 
of this sample, during the past year I have received 
pollen samples from Dr George Taylor and Dr R A 
Howard, directors of the Royal Botanic Gardens, 
Kew, and of the Arnold Arboretum, respectively, 
and I am mdebted to Dr Guibert Archey, director 
of the Auckland Institute and Museum, for unfailing 
support of my work 

In addition I wish to thank Dr Harrmgton of the 
Geology Department, University of New England. 
NSW, for his summaries of recently published 
British and Australan work, to which I could not 
otherwise have paid tribute 1n this article 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * 4s open to the public) 


Tuesday, December 29 


RADAR AND ELEOTRONICS ASSOCIATION (at the Royal Soclety of 
Arts, John Adam Street, Adelphi, Loi , at 730 pm— 


ndon, W C2) 
Dr K E Sturley ‘High Quahty Sound Broadcasting” * 


Wednesday, December 30 


ROYAL Soorery or ARTS (at John Adam Street, Adelphi, London 
wW 002), at 230 pm -—Dr J D Carthy “Ammal Senses and Re- 
is c (First of two Juvenile Lectures Further lecture on Janu- 
ary 


INSTITUTION OF HLROTRICAL ENGINEERS (at Savoy Place, London, 
2), at 3 pm.—Mr G G Gouret “Colour Television” (Christ- 
mas Holiday Lecture To be repeated on Thursday, December 31 ) 


Friday, January | 


PLASTICS INSTITUTE (n the Lecture Theatre of the Institution of 
Electrical Engineers, Savoy Place, London, W 02), at 230 pm — 
bi x Y de Bruyne “Sticky Plastics" (Sixth Lecture for Young 

eople 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or 
before the dates mentioned 

LxoTURER IN THE DEPARTMENT OF VETERINARY PATYHOLOGY— 
The Secretary, The University, Edinburgh (December 31) 

LECTURER (preferably an experimental physicist with an interest 
in low temperature phvsics, electron resonance, or some other branch 
of solid state physics) IN PHysics—The Registrar, Queen Mary 
bores (University of London), Mile End Road, London, E 1 (Decem- 

er 

SorENTIFIO OFFICER (with a first- or second-class honours degree in 
civil engineering or physics, or equivalent qualifications) AT THE 
HYDRAULICS RESEAROR STATION, D SIR, Howberry Park, Wallng- 
ford, Berks, for studies of hydraulic problems im the fleld of civil 
gngneerng, including scale model mvestigations-—The Ministry of 
Labour and National Service, Technical and Screntiflo Register (K), 
26 King Street, London, S W 1, quoting E 480/9A (December 31) 

SENIOR SCIENTIFIO OFFIOERS/SCIENTIFIG OFFICERS (suitably 
quahfied m physics, engimeermg and mathematics) IN THE AERO- 
DYNAMICS DIVISION of the National Physica) Laboratory, Teddmgton, 
Middlesex, for a programme of fundamental research on problems of 
fight at high speeds—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), 26 King Street, London, S W 1, 
quoting A 535/9A (January 1) 

SENIOR LECTURER IN CLINICAL BIOCHEMISTRY at the University 
of Melbourne, Australia-~The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W C 1 
(January 4) 

ADVISORY OFFICER (with a degree in agriculture or 1n pure science, 
a sound knowledge of poultry husbandry with experience of experi- 
mental work and advisory work among poultry farmers) IN POULTRY 
HusBANDRY—The Secretary, The North of Scotland College of Agri- 
culture, 414 Union Street, Aberdeen (January 9 

PHYSICAL ÜOHEMIST (with a good honours degree and suitable re- 
search experience, preferably industrial, but not necessarily in the 
sugar industry) IN THE DEPARTMENT OF SUGAR TECHNOLOGY, Imperial 
College of Tropical Agriculture, Trimdad, West Indies—The Secretary, 
Imperial College of Tropical Agriculture, 40 Norfolk Street, London, 
W € 2 (January 18) 

CHIEF (with high academic qualifieations and research experience) 
OF THE DIVISION OF ENTOMOLOGY, Commonwealth Scientific and In- 
dustrial Research Organization, Canberra, AQT, Australia—Chief 
Scientific Liaison Officer, Austrahan Scientific Liaison Office, Africa 
doe. Fongsway, London, W C 2, quoting Appomtment No 180/167 

anuary 

BABCOCK AND WiLOOX FELLOW IN NUCLEAR ENGINEEBING—Ihe 
Registrar, Queen Mary College (University of London), Mile End 
Road, London, H1 (January 30) 

LECTURER IN ANATOMY m St Salvator's College, St Andrews— 
b e UR to the University Court, College Gate, St Andrews 

anuary 

LIBRARIAN at the University of the Witwatersrand, Johannesburg, 
South Africa— The Secretary, Association of Universities of the 
PIU Commonwealth, 36 Gordon Square, London, W C 1 (January 


SENIOR LEOLURER/LECTURER IN CHEMIOAL AND EXTRACTION 
METALLURGY at the University of New South Wales, Australla— The 
Agent General for New South Wales, 56-57 Strand, London, W € 2 
(Austraba, January 31) 

ALBRIGHT AND WILSON RESEARCH FELLOWS IN CHEMISTRY (one 
at Pembroke College and one at Worcester College)-—Dr CO J Danby, 
Worcester College, Oxford (February 1) 

CHAIR OF MORBID ANATOMY m the London Hospital Medical College 
-The Academic Registrar, University of London, Senate House, 
London, W C1 (February 1) 

CHAIR OF PHYSIOLOGY 1n the London Hospital Medical College—The 
Academic Registrar, University of London, Senate House, London, 
W C1 (February 1) 

LECTURER IN VETERINARY ANATOMY at the University of Sydney, 
Australa—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W O1 (Austraha, 
February 27) 

ASSISTANT LECTURER or LECTURER IN THE ZOOLOGY DEPARTMENT 
— The Secretary and Registrar, The University, Southampton 
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CSLL BIOLOGIST (with a degree and research experior (preferably 
a Ph D.) 1n blology, microbiology or biochemistry), to take part in a 
research project on the fundamental biology of flbroblasts-—Dr J M 
Mitchison, Department of Zoology, The University, West Mams Road, 
Edinburgh 9 

CHAIR OF METEOROLOGY--The Secretary, McGill University, 
Montreal, Canada 

PROGRAMMER (with good mathematical quabfications, and prefer- 
ably either statistical or programming experlence), to work on 


statistical problems ansing from agricultural research and surveys— 
The Secretary, Rothamsted Experimental Station, Harpenden, Herts 
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APPLICATION OF SCIENCE IN INDUSTRY 


ITH their third report, written for the Science 
and Industry Committee set up by the British 
Association m 1952 and re-constituted m 1954 with 
the additional sponsorship of the Royal Society of 
Arts and the Nuffield Foundation, Prof C F Carter 
and B R Wilhams complete the greater part of their 
work on the terms of reference of that Commuttee*, 
Ther analysis of, and broad conclusions on, the 
factors governing the speed of application of science 
were ieported in thew first book, "Industry and 
Technical Progress", m 1957 Jn a second volume, 
im 1958, “Investment in Innovation", some of the 
earlier: material was re-examined to elucidate factors 
which influence industrial investment in new plant 
and equipment Some of that material is agam dis- 
cussed im this concluding volume, which is concerned 
to outline à policy for action 
The proposals set forth are grouped broadly 
according to whether the action required is by 
mdustry or by Government, and at the present 
moment, m view of the recent establishment of a 
Mumuster for Science, the second part of the book, in. 
which various important aspects of public pohey are 
examuned, 18 of special interest The reader 1s left m 
no doubt that some conditions of technical progress 
are created by Government action, though he may 
be surprised at the limitations of existing knowledge 
as to the extent and effect of such action There is 
still, in fact, a very considerable field callmg for 
further inquiry, especially perhaps on the financial 
side, as was particularly emphasized in "Investment 
in Innovation” On numerous points the facts on 
which publie policy should be based have still to be 
determined, and while, hke its predecessors, this 
third volume should stimulate as well as guide 
thought, there is nothing m 1t to urge hasty decision 
or action upon Lord Hailsham as Mimster for Science 
Profs Carter and Wilhams begin their considera- 
tion of the instruments of policy by which the 
Government can support and assist technical pro- 
gress with a broad discussion of the strategy of 
Government aid—a, discussion which is surely as 
broad as Lord Hailsham himself or &r Hugh Beaver 
has already given, although ıb touches on some 
matters of Government policy directed at other 
objectives which may incidentally affect the advance- 
ment of techmque This Government help may be 
provided by many different departments and State- 
sponsored bodies, for example, the National Research 
Development Corporation In some Departments, 
however, affairs may be mvolved m such instruments 
as purchase tax, which may incidentally hinder the 
adoption of new techniques Without entermg on 
any analysis of the actual organization for Govern- 


* “Sorence in Industry — Pohey for Progress” 
B R Williams 
1959) 21s, net 


By CO F Carter and 
Pp 1x+186, (London Oxford University Press, 


ment assistance to research and development even, 
to the extent to be found m the survey made by a 
study group of the Royal Institute of Pubhe Admims- 
tration and published m 1957 m “The Organization 
of British Government", Profs Carter and Wiliams 
suggest that some re-assessment 1s needed of Govern- 
ment aid to research and development, designed to 
make ıb more likely that ıt will give help to industry 
at the pomts where, in the long run, help 1s most 
needed. 

This re-assessment would require separate con- 
sideration of the needs for advice, for assistance to 
research and for assistance to development, and at 
present Profs Carter and Willams doubt if ıt can be 
said that a Government policy on the application of 
science really exists The facts on which such a 
policy should be based, they assert, have never been 
collected o1 assessed Substantial research 1s needed, 
and the problem is both technical and economic, 
requiring extensive and continued study by & group 
contaming both scientists and economists They do 
not thmk that such a group exists at present, but 
without rt policy-making tends to go no further than 
a statement of generalities 

It appears to be to the Advisory Council on 
Seientifie Policy that the Science and Industry Com- 
mittee looks for progress here, although 15 1s imphert 
m what is written m the present report that the 
Advisory Council has been, particularly of recent 
years, too preoccupied with comparatively minor 
matters It 1s beheved that Lord Hailsham mtends 
to make mcreasing use of the Advisory Council, and 
he may well look to the Council for help m seeking 
answers to some of the more fundamental questions, 
such as the proper place and the right limit for 
Government action in speeding the appheation of 
science, the scale of Government effort, the extent to 
which ıb should be concentrated or widely diffused 
and, if concentrated, the points of maximum effort, 
to which answers must be sought and found before 
a national policy 1s formulated 

Besides this emphasis on. the need for much mae 
patient fact-finding, stress 1s laid on the importance 
of ‘cost- and profit-mmdedness’ ın planning national 
research policy, as in planning research in an m- 
dividual firm, and this aspect must be given due 
weight m making the inevitable choice between. fields 
of effort It ıs duly noted that the Couneil for 
Scientific and Industrial Research appears to have 
this question of priorities very much m mind, but it 
is also clear that the Science and Industry Commuttee 
1s somewhat reserved as to whether sound decisions 
can yet be made The report, in fact, goes no further 
than to suggest a few principles 

The Committee hesitated, for example, to recom- 
mend more than occasional use of the policy of 
‘remforemg success’, helping industires which are 
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already showing signs of lively innovation to advance 
still faster, although the principle deserves exam- 
mation On the other hand, these studies support 
the pohey of concentration at weak pomis, not 
mdeed to the extent of helping weakness wherever 16 
18 found, but rather of helping industries unhkely to 
achieve rapid technical progress with them own 
resources, and especially those mdustries which have 
great promise of change or development There is 
no support for the practice, too common already m 
British industry, of bolstermg the mefficient 

Such a pohey ıs not easy to apply, but obviously 
it 1s one which must be carefully considered m 
determmmg State policy towards the research 
associations m Britam Here the further suggestion 
is made that assistance for advisory services, in- 
cludmg educational services, should be provided 
separately from that for research and specifically 
earmarked Such a step would have certam advan- 
tages in assessing the magmitude of the national 
effort 1n research, and the recognition of the educa- 
tional work of the research associations 1s m keeping 
with the view that the Government’s fundamental 
contribution to techmeal progress 1s m its support 
of trammg facilities Beyond that the question of 
balance between research and development is all- 
important 

In this matter of development, some extension of 
the practice of establishmg development companies 
by the research associations 1s recommonded, as well 
as extension of sponsored research facilities The 
studies made for the Science and Industry Committee 
suggest, however, that existmg facilities for the 
finance of development through the National Research 
Development Corporation are not fully used, and that 
Government support may need to go beyond the 
financing of development contracts While Govern- 
ment Departments as well as research associations 
should make full use of the experience and funds of 
that Corporation, 1b may occasionally be desirable to 
create State development companies to manage 
development n a defined field Nevertheless, every 
effort should be used to make the National Research 
Development Corporation an effective instrument of 
development on behalf of all Government-aided 
research bodies which cannot achieve adequate 
development from ther own resources, and 1ts powers 
to stimulate research (as well as development) should 
be used with vigour to fill m gaps which may appear 
m the structure of mdustrial research, or to recom- 
mend action for filing them to the national research 
councils 

On this view there 1s a strong case for placmg the 
National Research Development Corporation withm 
the authority of the Minister for Science, and prob- 
ably within the responsibility of the Advisory Council 
on Seientific Pohey Its responsibilty to the Board 
of Trade 1s obviously anomalous, and although Profs 
Carter and Wiliams do not commit themselves as to 
whether they regard the Corporation as sufficiently 
in direct touch with the economic as well as the 
technical problems of industry, they are m no doubt 
as to the value of its present work No evidence ıs 
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presented as to the advantage which any new type 
of body would offer m assessing Government aid to 
mdustiy as a problem in the jomt use of economics 
and technology 

On educational policy the report makes numerous 
sound and sensible comments, few of which are new, 
but some of which are still badly needing attention 
Such, for example, are the remmder of the waste of 
highly tramed man-power which follows from an 
msufficient supply of technicians, and the clear 
warning that, unless corrective measures are taken 
immediately, a swift rise 1n the numbers of scientists 
and technologists available m the mid-1960’s will be 
unmatched by an equivalent rise m the number of 
technicians and craftsmen, and the existing lack of 
balance will be made worse Agam, while no evidence 
was found that mdustry m general ıs failing to get 
its far share of first-rate men, the mquiry pomted to 
the desirability of further study of the cost of 
additional years of education m relation to tho 
benefits to be expected. Here the evidence indicates 
that a higher scientific content m the education of 
most crtazens would promote technical progress, 
partly by removing the obstacle which ‘scientific 
ilhteracy' offers to the communication of ideas, and 
partly because a greater reserve of people with some 
groundmg in science would assist mdustry to meet 
demands, perhaps unexpected, for new types of 
technical skull 

There are also sound comments on the importance 
of mereased tramuing for craftsmen and apprentices, 
mereased attention to the education of technicians, 
and, by the universities, to the findmg of the best 
form of education for managers, and the bearmg of 
a better provision for laboratory technicians in 
schools on the supply of science teachers 1s duly 
noted Some of the pomts made m regard to the 
supply of science teachers have already been, con- 
sidered by the Advisory Council on Scientific Pohoy, 
but they are presented here m a way which shows 
very clearly ther direct bearmg on the responsibilities 
now entrusted to Lord Hailsham The educational 
implications of his task could not easily be sum- 
marized better, and he can scarcely overlook the 
emphatic suggestion that effective research 1n. tho use 
made of scientists and technologists would make the 
plannmg of educational facilities much more reliable 

On taxation policy the report does not add sub- 
stantially to the conclusions outlined in “Industry 
and Technical Progress" , and ıt gives little support 
to the view that high taxation discourages technical 
advance, although 15 concedes that rt could do so It 
urges that 1b 1s difficult to devise reductions m taxas- 
tion which will stimulate technical progress without 
also giving large benefits to firms m which progress 
1s unaffected by taxation, or to firms which would be 
unprogressive whatever the level of taxation A 
lowermg and equalization of taxes on expenditure, 
and a reduction in surtax rates would, however, 
probably favour technical progress, and when 
increases of taxes are necessary, widely spread 
increases are least hkely to affect technical progress 
What matters most, however, is that changes m 
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taxation should be as infrequent as possible, the 
Committee’s studies confirm the conclusion that the 
uncer tainty created by such changes and the expecta- 
tion of tax changes have an unsettling effect on 
planning technical advance, and while tho report 
recommends specifically the consideration of special 
investment allowances for development costs and 
also of a scheme by which firms would be allowed to 
write off ther assets for tax purposes at any rate 
they chose, subject to adoption of the same rate m 
ther accounts, these suggestions are subject to that 
over-riding consideration 

Here again the importance of Lord Hailsham’s 
recent appointment 1s evident If this consideration 
1$ to be given due weight at Cabinet level, i 1s 
important that the mplieations should be put to the 
Cabinet by a Munster whose responsibilities for 
scientific and technical progiess are as unequivocal 
as are those of the Chancellor of the Exchequer m the 
financial field Moreover, there are other proposals 
advanced. regardmg the effect of taxation on tech- 
nical progress which have far-reaching political mpl- 
cations, and can accordingly only be considered at a 
level where those pohtical considerations can also be 
given due weight Likewise, the report rejects the 
idea that there is any general principle that protection 
favours (or retards) technical progress, and doubts 
are expressed as to the wisdom of abolishmg mde- 
pendent review by the Import Duties Advisory Com- 
mittee m applying the Import Duties Act, and as to 
whether issues of technical progress will be of regular 
substantial umportance im arguing cases before the 
Restrictive Practices Court No changes are recom- 
mended in the legislation agaist restrictive tradmg 
agreements and monopoles, but strong support is 
lent to all that has been urged elsewhere as to the 
umportence of management giving more attention to 
oveicommg the fear of redundancy This 1s the most 
hopeful means of meeting the restrictive practices of 
labour, which do occasional damage to technical 
progress 

So far as can be judged, therefore, the recom- 
mendations of the 1eport are in lme with the current 
trend of opinion in Britam and with much evidence 
that Lord Hausham has now before hm He has 
already, for example, declared his intention of 
strengthening the voice of the Advisory Council on 
Scientific Policy, though what 18 most wanted here 18 
the authority which would ensure that due heed 18 
paid to the findings and recommendations of that 
Council The stress once again laid on the umportance 
of provision for research and technical education 
should also encourage proposals already in tram, and, 
no less important, direct fresh attention to the 
question of balance and phasing. Lastly, the emphatic 
opmion expressed as to the serious handicap which 
mseeurity of capital programmes can impose on tech- 
nical progress 1s valid far more widely than m the 
nationalized mdustries, on which it 1s primarily 
based, and with a Minster for Science there is 
perhaps a better prospect of representations bemg 
made at a high enough level and an early enough 
stage to check excessive change. 
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THE HISTORY OF WESTERN 
THOUGHT 


Wisdom of the West 
By Bertrand Russell Edited by Paul Foulkes Pp 
320 (London Macdonald and Co (Publishers), 
Ltd , 1959) 63s net 
HIS 1s Lord Russell's second brilhant venture 
into à comprehensive history of Western (mainly 

philosophical) thought Again there 1s the freshness 
of style, the attempt to relate scientific, logical and 
sociological issues, though 16 should be said that, as in 
the earlier work, the selection of material on the whole 
is conventional  lattle attempt has been made, for 
example, to mclude more recent research mto the 
medieval foundations of scientific thought, or 
again, if the relations of science and seventeenth- 
century philosophy are touched upon, the philoso- 
phical contributions of later centuries are given 
rather more in isolation from contemporary scientific 
currents None the less, the 1ange 1s encyclopedic, 
stretching from the glory of Athens (which comprises 
almost one half the book) to Frege, Bergson, Freud, 
Wittgenstem, Jaspers and Sartre 

The most fascmatmg aspect of the new book, 
however, is its illustrations historical sites and 
the great thmkers of the past mingle with reproduc- 
tions of historical scientific apparatus, and these 
again with diagrams meant to illustrate the trend 
of an abstract argument, the whole capped by a 
number of compositions by John Piper an exerting 
excursion mto the field of ‘visual aids’ No brief 
review could do justice to the mere pleasure with 
which the interested reader will turn over the pages, 
to be dazzled by the variety of the contents 

Of course, despite the brilhance and apparent 
novelty of presentation, ıt should be reahzed that 
on the whole this 1s old wine poured mto new bottles 
To be sure, many of the harsher value judgments of 
Russell’s past writmgs have been toned down, and 
there 1s a generous inclusion of views with which 
Russell may not always have sympathized, hike those 
of Vico, Bergson, Kierkegaard and many others 
But there are still the rough and ready divisions mto 
the Contmental rationalists (who are rather wicked) 
and the more virtuous British emprineists, supported 
arbitrarily by the quite unproved suggestion that the 
diagrams representing these two types of philosophical 
systems are, respectively, & pyramid standing on its 
head. as against the other, standmg on its feet 
(p 219) If anything 1s true, 16 18 that any theory 
of knowledge which claims to be based on a specific 
limited ‘basis’ on which all the rest 18 said to depend 
(whatever the nature of the basis) should be repre- 
sented by a pyramid standing on ıts head . which is 
an example of the general criticism that the apparent 
plausbihty of a diagram representing an abstract 
argument could be a dangerous tool in the hands of an 
unscrupulous teacher Bacon, as usual, is charged 
with completely ignormg deductive procedures, the 
use of hypothesis, and the notion of an underlying 
‘mvisible’ structure of matter, though so far as the 
evidence goes 15 1s more hkely that this was a matter 
of emphasis rather than omission Perce (late 
nineteenth century) 1s credited with the foundation 
of the hypothetico-deductive method, a statement 
which only emphasizes the (usual) omission of earlier 
writers such as Whewell and Jevons, not to mention 
three centuries of medieval contributions to the 
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subject Kant’s thmg-m-itself is made a condition 
of mter-subjective experience (p 241), which 1s (to 
say the least) a misleadmg appraisal, Mills m- 
mensely subtle argument about the foundations of 
inductive reasoning 1s dismissed with the usual 
hackneyed remark that ıt i5 ‘circular’ These 
examples (though they could be argued) suggest that 
despite the undoubted sharpness and accuracy of most 
of the accounts to be found here, the author’s author- 
ity 1s no substitute for caution on the part of the 
reader, particularly when 1t 1s remembered that the 
best of the histories of philosophy are those that are 
deeply felt and take up a certain position This 
becomes obvious when the discussion centres around 
the more recent of Russell’s philosophical interests, 
such as pragmaticist theories of truth, when the 
argument, though still as luexl as ever, becomes 
rather more heated 

But these are minor eriticisms — Certainly this new 
excursion into our cultural heritage 1s another aston- 
ishing venture testafymg to the brillance and 
almost legendary energy of 1ts author 

GERD BUCHDAHL 


A HISTORY OF IRON AND STEEL 
IN CHINA 


The Development of Iron and Steel Technology tn 
China 

By Dr Joseph Needham (Second Biennial Dickmson 

Memorial Lecture to the Newcomen Society, 1956) 

Pp xnu--76--31 plates (London The Newcomen 

Society for the Study of the History of Engmeermg 

and Technology, 1958) 57s , 815 dollars 


HIS book, an expansion of a lecture founded m 
memory of Di H W ODickmson, who was 
educated at the Manchester Grammar School and at 
Owens College, 1s beyond doubt a first-rate con- 
tribution to scholarship. In the field of Chinese 
science and technology the author speaks with a 
unique authority based on both wide and deep 
knowledge 
That China had an ancient and, for the times, an 
advanced metallurgical mdustry has long been known, 
but isolated as it was, the exact nature and chronology 
of this have been largely matters of conjecture So 
far as iron and steel are concerned, we now know 
how and when it developed, and a most astonishmg 
Story ıt ıs Although 1n. Europe ıt was the end of the 
fifteenth century aD before molten cast iron was 
first produced except by accident, Dr Needham 
adduces the most cogent evidence to show that this 
was bemg done m China on a by no means msignifi- 
cant scale two thousand years before How this was 
done, the product obtamed, and the probable reasons 
—the existence of ores high ın phosphorus producing 
highly phosphoric nons of increased fusibihty and 
the invention of really effective double-acting bellows 
—are all referred back to the literary sources and 
ulustiated The fifty-odd illustrations, rangmg from 
cast non moulds of the fourth century Bc to photo- 
micrographs illustrating modern investigations of 
the processes described, are all of gieat mterest and 
value 
From the second century Bc, if not before, this 
cast iron was used to produce steel by a most care- 
fully controlled deearburiation m an air blast, the 
method of the ‘hundred refinmgs’ Rather later, 
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much of the Chinese steel was made by a ‘co-fusion’ 
technique m which wrought and cast iron were 
heated together m crucibles, the pasty lumps of the 
former bemg bathed m the high-carbon hqud By 
a gradual diffusion of carbon a steel of approximately 
eutectoid composition can be produced In connexion 
with this production of steel one 1s mevitably remmded 
of the work of Réaumur of the very early eighteenth 
century 4D The basic correspondence of these pro- 
cesses with those of Huntsman, Bessemer and 
Siemens and Martin is clearly very much in the 
mund of Dr Needham Indeed, so far as the Bessemer 
process 1s concerned, he points out that immediately 
before the work of William Kelly in the United States, 
four Chinese workers were imported as experts at 
his furnaces at Kuttawa 

Many other topics are discussed, from magic 
swords and human sacrifices to assist the furnace 
produce the required product, to early Chinese tiltmg 
furnaces, and the abundant footnotes are often a 
sheer dehght 

This book on the development of the iron and 
steel industry has a special interest m view of the 
present-day small-scale production of iron im China, 
often by processes which cannot differ essentially 
from those here desered We must now await 
even more impatiently a comesponding treatment of 
the non-ferrous metals F C THOMPSON 
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USE OF ISOTOPES IN ORGANIC 
SYNTHESES 


Organic Syntheses with Isotopes 

By Arthur Murray, IIT, and D Lloyd Wiliams Part 
2 Orgame Compounds labelled with Isotopes of 
the Halogens, Hydrogen, Nitrogen, Oxygen, Phos- 
phorus, and Sulfur Pp 1x-+1147-2096 (New York 

Interscience Publishers, Inc , London Interscience 
Publishers Ltd, 1958) 1888 


URRAY and Williams have produced a valuable 
contribution in this second part of ther com- 
pulation of orgamic syntheses mvolving the use of 
isotopes While Part I dealt with the synthesis of 
nearly 500 compounds labelled with carbon-13 and 
earbon-14, Part 2 1s devoted to a similar treatment of 
syntheses involving the isotopes of 8 other elements, 
compounds of bromine, chlorine, 1odine, nitrogen-15, 
oxygen-18, phosphorus-32, sulphur-35, deuterium 
and tritium oceupying 30, 15, 65, 151, 33, 30, 82, 
400, and 54 pages respectively The book provides 
full practical details, m a format rather like that 
employed in “Organic Syntheses”, for the preparation 
of several hundred individual compounds Each 
preparation 1s headed by the reaction scheme laid 
out with full structural formule, together with the 
reference from which 1t has been abstracted Then 
follows the “‘Procedure’’, a section of explanatory 
“Notes” and finally “Other Preparations” m which 
the hterature dealing with the preparation of the 
compound is briefly reviewed 
The compounds are classified under the element 
concerned and sub-classified according to the chief 
functional group, for example, acids and acid deriva- 
tives, amines, heterocylics, hydrocarbons, ete With 
this arrangement rapid scanning of particular sections 
18 feasible, and the book thus provides a ready source 
for the chemist searching not only for possible recipes 
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to prepare isotopically labelled compounds but also 
for high-efficiency, small-scale syntheses for ‘un- 
labelled’ compounds The largest smgle section i8 
that describing the preparation of compounds con- 
taining deuterium, which 18 ın itself a useful collection 
of experiments in view of the current interest m 
mechanistic studies The sixty or so pages of tables 
hsting the hydrogen-deuterium exchange data culled 
fiom the literature are most valuable The less 
extensive exchange data for other isotopes are also 
presented in tabula: form Tables of physical con- 
stants for isotopically labelled compounds are given 
where appropriate 

It has evidently been decided that the reader must 
buy Parts 1 and 2 and use them m conjunction for 
the jot index ıs in Part 2 and the “Introduction” 
isin Part I This is doubly mconvenient and seems 
false economy, as the inclusion of a repeat introduction 
and separate index could surely not have added much 
to the cost of these already expensive volumes The 
“Introduction” (30 pages) ın Part I explamed the 
layout and scope, the new system of isotopic nomen- 
clature used, the special experimental techniques 
employed, and has short sections on several other 
important topics It 1s annoying to have constantly 
to refer to Part I for this mformation Apart from 
this question and some mmor errors, for example, on 
p 1455, ethynyl benzene ıs consistently referred to 
as vinyl benzene, this book 1s an excellent one which 
should be invaluable both m the library and the 
laboratory It should have somethmg of value for all 
chemists G EGLINTON 
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PHARMACEUTICAL RESEARCH 
IN THE U.S.S.R. 


Soviet Pharmaceutical Research 

Vol 1 Pharmaceutical Chemistry Pp u+447 
95 dollars Vol 2 Pharmacognosy Pp nu4401 
90 dollars Vol 3 Medical Chemistry Pp 556 
100 dollars (New York Consultants Bureau, 
Ine) 


ESEARCH into subjects of a pharmaceutical 
interest is being actively pursued in the USSR, 
but communication, due to language difficulties, 1s 
virtually non-existent Workers m this and alled 
fields will appreciate the enterprise of those respon- 
sible for the three-volume translation mto English 
of ‘ Soviet Pharmaceutical Research" Most of this 
work seems to have been originally published in the 
USSR durmg the pariod 1949-1953, but neverthe- 
less 16 contams much of interest to present trends m 
pharmacy generally 
Bang an American-mspired translation, British 
readers should not be misled by the title of Vol 1, 
“Pharmaceutical Chemistry” This would be better 
entitled “Physical Chemistry apphed to Pharma- 
ceutics”’, since if contams reports on 74 research 
papers covering such topes as solubihty, stability, 
ion exchange, emulsions, suspensions and gels, as 
well as such diverse topics as conditions for preparmg 
erystalhne glucose and an mvestigation of the causes 
of granulation of powders Subjects worthy of note 
in this volume are the influence of orgame additives on 
crystal solubility , patterns of solubility change, 
the thermal stabihty of collagen m the dry state, 
and the decomposition of the bmary compound of 
glucose with sodium chloride There are interesting 
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investigations into several aspects of emulsion 
technology utilizmg gelatin and also a classification 
of pigments by them behaviour im suspension In 
the analytical field, papers describe the application 
of mfra-red absorption spectra to an investigation 
of the mtermediate products of vitamm A and 
carotene syntheses 

In Vol 2, entitled “Pharmacognosy”, the papers 
are merely classified under the headings alkaloids, ois 
and glycosides, there being no attempt to provide 
any further subdivision Provided that the pub- 
lishers’ selection of material is representative of 
pharmaceutical research being undertaken in the 
USSR, 1t would appear that the isolation of new 
alkaloids, ther proof of structure and possible 
synthesis are the main preoccupations No work is 
included on the chemical constituents of well-known 
drugs with the exception of some studies on the 
alkaloids of acomte Chemical mvestigations are 
reported on the alkaloids of Delphinium, Senecio, 
Orobanche and Leontwce as well as on the alkaloids of 
lesser known plants Some work 1s reported on the 
chemical analysis of a few httle known essential oils, 
and there ıs a paper on the polarographic estima- 
tion of some cardiac glucosides, meludmg strophan- 
thidin 

Vol 3, ‘ Medicinal Chemistry”, consists of transla- 
tions of 91 original research papers on various aspects 
of this field of chemistry One group of papers deals 
with the structure and activity relationships m anti- 
malarials of the quinolme and acridine series One 
paper deals with the production of nicotinic acid from 
the heavy bases in coal tar (236 5-247? O fraction), 
and the yield of commercial nicotinic acid is stated 
to be in the region of 25-35 per cent of the fraction 
employed Syntheses of several anti-tubercular 
drugs hike opianie acid derivative of isonicotimic acid 
hydrazide and several homologs of p-aminosalicyhe 
acid have appeared for the first tune The syntheses 
of several alkaloids lke papavarime and emetine 
have been elegantly descibed The synthesis of 
compounds with antithyroid activity and the pre- 
paration of ammo-alcohols similar to ephedrine are 
presented in two papers which will attract the 
attention of synthetic chemists The synthetic 
work m the field of anthelmmtics of the coumarm 
series, and the investigations into the reactions of 
mereapto-amumo-aeids will be appreciated by those 
who are engaged 1n this type of work The work on 
the synthetic studies of methylene-bes-5-alkylbarbi- 
tuue and sprrobaibiturie acids has met with partial 
success 

The synthetic work m the field of ammo-acids such 
as the synthesis of B-alanme, tagged **S-methionime 
and “N-sulphamlamuidolysme, will attract the atten- 
tion of biochemists The research work earned out 
in the chemistry of chloromycetim analogues should be 
noticed, as the compounds prepared have been found 
to be active There are three papers which desoribe 
the structural chemistry of gramicidin © A theoreti- 
cal paper by Nazarov deals with the nomenclature of 
synthetic steroids and related substances 

In general, this compendium of translations of 
selected papers from Soviet chemical and pharma- 
ceutical journals gives a fairly good idea of the 
modern trends of pharmaceutical research m that 
country The editors and the publishers of the 
volumes deserve thanks for compiling and reproducmg 
this mine of information, even at the moderately high 
price, for those connected with pharmaceutical 
research * D TRAIN 
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Theoretical Physics 

Thermodynamics, Electromagnetism, Waves, and 
Particles By Prof F. Woodbridge Constant 
(Addison-Wesley Physics Series) Pp xm-+364 
(Reading, Mass Addison-Wesley Publishmg Com- 
pany, Inc , London Academic Books, Ltd, 1958 ) 
64s 


HIS excellent book 1s the second of two volumes 

on theoretical physics by Prof Constant The 
first volume treats mechanics and vector analysis and 
the second, thermodynamics, electromagnetism, waves 
and particles Vector methods are used throughout 
the second volume and frequent references to the 
earlier volume are made For these reasons, ib 18 
probably best to use both books together The 
vector equations m both volumes make use of the 
operato: v only, the shorthand terms grad, div and 
curl not bemg used The maim disadvantage of the 
second volume for students m the honours schools of 
physics m English universities 18 that 16 does not go 
quite far enough, the level reached approximating 
to two-thirds of the way along an honours course 
On the other hand, students taking a general science 
degree would find the approach rather sophisticated 
as such students are not usually brought up to the 
use of vector algebra It would appear, therefore, that 
such an expensive text will not find favour with 
students at English universities Nevertheless the 
book 1s well planned and the consistent use of vectors 
seems to make for a logical presentation It is a book 
that will probably be used more by teachers of physics 
than by students of physics m Britam Text and 
diagrams are admirably clear and the binding 1s 
excellent Examples are grven at the end of every 
chapter and answers to alternate questions provided 

R M Tennent 


High Speed Computing 

Methods and Appheations By Dr S H Hollmgdale 
(Applied Physics Guides) Pp xu+244 (London 
English Universities Press, Ltd , 1959) 256 net. 


N recent years the automatic digital computer has 

become avaiable to a wide field of potential users, 
either directly or through the agency of various 
computing services It 1s to these users rather than 
to the computer engineer that Dr  Holhngdale's 
book 18 addressed 

After a brief 1ntroduction to the binary system and 
to the representation of numbers 1n a computer, the 
author devotes nearly one-half of the book to the 
problem of how & computer obeys & programme 
This theme 1s elaborated with special reference to 
Eidsac and to Deuce, which are examples of a typical 
single-address machine and a rather less typical 
multi-address machme The circurt techniques of 
digital computing are confined to two short chapters 
on storage devices and the logical design of computing 
circuits 

It 18 the final chapters of this book that many will 
find of greatest mterest A valuable chapter on the 
operation of a computing service, written mainly 
from the author’s experience of such a service at the 
Royal Auweraft Estabhshment, 13 followed by four 
chapters on applications In addition to general 
topics, these cover the Monte Carlo method, the 
control of mdustrial processes and the machine 
translation of languages 

This book is thus m the mam concerned with the 
operation of machines as a whole rather than of their 
component parts, while the mathematics assumed 
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18 not above ordinary level of the General Certificate 
Exemmation This approach provides an ideal 
introduction to the subject for potential user and 
non-specialist alike E M Dermy 
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The Chemistry of Vegetable Tannins 

A Symposium (Bemg the Papeis presented at a 
Symposium held m the Universiy, Cambridge, on 
April 12th-13th, 1956, under the auspices of the 
Society of Leather Trades’ Chemists) Pp 160 
(Croydon Society of Leather Trades’ Chemusts, 
1956) 30s net 


N view of the efforts made in the last decade to 

bring order to the vast and complex arena of tannin. 
chemistry this volume of collected papers by leading 
authorities m this branch of organic chemistry 1s 
particularly welcome A general paper on vegetable 
tannins (T White) 1s followed by a detailed account 
of estimations of components of vegetable tannin 
extracts (H G C King and T White) Descriptive 
papers on gallotannins and ellagitannins (D Burton 
and H G Munster), polyphenols of tobacco (W W 
Reid) and paper chromatography of polyphenols of 
tea (E A H Roberts) together with an account of 
the work on the constitution of chebulimic acid 
(O T Schmidt) and a summary of aromatic biosyn- 
thesis leading to tannins (Hathway) complete the first 
section The second part of the symposium is devoted 
to papers on leuco-anthocyanms (T Swam and E C 
Bate-Smuth ; W E Fills), catechins of oak and sweet 
chestnut (W Meyer) and dihydroflavonols (J E 
Gowan, E M Philbin and T S Wheeler) The final 
paper (W B Whalley) consists of an account of the 
stereochemistry of chromans and related compounds 
I feel that another mstalment of this sympo- 
sum would now be most welcome, especially in 
view of the mtense activity m the subject 

A I Scorr 


Handbook of the Petroleum Industry 
Edited by G Sell and H A Dossett Pp vm+213 
(London George Newnes, Ltd, 1958) 25s net 


S the editors are at pains to stress, this 1s not a 

text-book on petroleum, but rather a guide to 
those of the younger generation who contemplate a 
career m this vast industry It proves of interest, 
too, to those oil technologists and others so engaged 
because of the modern overall picture ıb presents of 
the manifold ramufications of the mdustry Besides 
the editors, ten specialists have contributed sections, 
devoted to geology, lustory, exploration, dmllmg 
and production, world oi resources, distribution, 
refining, o1! shales, tar sands, petrol from coal, oil as 
fuel, petroleum chemicals, uses and future prospects, 
careers 1n the industry and the mdustry surveyed as 
a whole Generally, in the larger oil organizations, 
the recognized inter-related divisions to-day comprise 
(a) exploration and prospecting, (b) drilng and 
production (c) transport and storage, (d) refinmg and 
petroleum chemicals, (e) reseaich, (f) marketing and 
distribution Thus a candidate for a career in oil 
has a wide choice for his or her talents, depending 
largely, apart from educational attamments and bias, 
whether overseas travel and work 1n the more remote 
parts of the world make fundamental appeal “Onl 
is where you find it", this httle handbook tells 
much about this, as 16 does about what is done, 
once found, to make it of universal service to 
mankind 
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THE ROYAL SOCIETY 


ANNIVERSARY ADDRESS* 


By Sin CYRIL HINSHELWOOD, P.R.S. 


AWARD OF MEDALS, 1959 


Copley Medal: Sir Macfarlane Burnet, OM, 
FRS. 


URNET ıs among the most outstandmg workers 
in the field of the vnuses Since 1925 he has 

made a long series of contributions to knowledge of 
the bacteriophages and he has elucidated the pheno- 
menon of lysogenesis He has shown how study 
of the range of activity of phages agamst various 
bacteria can be used to classify not only the phages 
but also the bacteria themselves 

He has studied many viruses pathogenic for verte- 
brates’ He has shown how psittacosis is endemic m 
wild Australan parrots, and has thrown hght on the 
epidemiology of herpes and poliomyelitis He 1s well 
known for his development of several techniques for 
cultivating viruses m living chick embryos and thew 
application m immunological studies of viruses He 
has also made studies on the agglutmation of mam- 
malan and avian red blood cells by a number of 
viruses and virus-products, thereby throwmg fresh 
light on the reactions taking place between viruses 
and the surfaces of susceptible cells He found that 
an enzyme produced. by cholera vibrios has an action 
on blood cells sumilar to that of influenza viruses 

Fiom 1947 until 1951 Burnet worked on the reaction 
between mfluenza viruses and the muco-proteins on 
cell surfaces, and considered the mechanism whereby 
& virus can infect a cell Between 1949 and 1958 he 
and his collaborators occupied themselves with the 
theme of genetic recombmation between influenza 
virus particles carrymg different, recognizable, 
marker characters The possibility of a sort of 
hybridization between two virus strains was estab- 
lished Burnet has applied these ideas m an attempt 
to understand how changes ın virulence are brought 
about 

Durmg the past few years he has turned to the 
study of fundamental aspects of mmmunity and has 
offered m a recent book on the ‘clonal selection theory’ 
a novel explanation of antibody production based 
on the idea of somatic mutation Hus ideas about the 
body's ability to recognize ‘self? and 'non-self' to a 
large extent predicted later findings on immunological 
tolerance He applies the new ideas to tentative 
explanations of auto-ummune diseases, of cance: and 
of ageing 

While so prolific of work and ideas, he has been 
of outstandmg value im the councils of Australian 
science 


Royal Medal (A): Prof. R. E. Peierls, CB.E, FRS 


Peierls’s earhest work was on the theory of the 
solid state, a field ın which he remams a leading 
authority He has played an outstanding part m the 
development of ‘fundamental theory’, that 15, m the 

* Delivered at the Royal Society on November 30. 


formulation of what are believed to be the most 
basic laws of physics from which all other laws of 
Nature should ultimately be derivable The subject- 
matter of fundamental theory changes over the 
years In the late "twenties and early thirties the 
term was practically synonymous with the relativistic 
theory of electrons and photons, and even as a very 
young man Peierls, with Landau, made an important 
contribution to one of the deepest problems m this 
subject, that of the lmmits of observability of physical 
quantities When in the mud-thirties Yukawa 
initiated meson theory and so brought nuclear physics 
mto relation with fundamental theory, Peieile's 
predominant interest was also i this field His work 
with Bethe on the deuteron and that with Kapur 
on the theory of the compound nucleus are important. 
landmarks of the period 

More recently, Peierls has directed his mam, though. 
not exclusive, attention to the general theory of 
quantal fields and of elementary particles Has best- 
known single contribution to this rapidly developing 
topie 1s a paper on the general derivation of com- 
mutation relations for arbitrary field theory, the idea 
of which has smce been built mto a great deal of 
modern work 

For many years Peierls has been a leading exponent 
of fundamental theory ın Great Britam and an out- 
standing leader in theoretical physics as a whole In 
Birmungham he has created a large and extremely 
active school, and if to-day young British and British- 
tramed theoretical physicists enjoy a great reputation 
and occupy leading positions, this js largely due to 
Peierls's work 


Royal Medal (B) Prof P. B. Medawar, CBE, F.R S. 


Medawar’s research has been on the biology of 
senescence, the problems of tissue graftmg and the 
effects of cells upon each other To these difficult 
and fundamental subjects he has brought order 
and clarity, and experimental approaches of great 
origmahty 

In some of his earhest work he measured for the 
first time à property that can be called the growth 
energy of the chicken’s heart, by determuung the 
amount of an inhibitor needed to stop growth 
He showed how the rate of decline of growth energy 
can be mterpreted to provide a measure of senescence, 
and in this and subsequent work he explored with 
great penetration and caution the various concepts 
of agemg 

Study of problems of differentiation led him to the 
hypothesis (with R E Billmgham) that cells of the 
adult skim may actively transfer hereditarily trans- 
mussible characteristics to thew neighbours In 
spotted guinea pigs the dark areas may gradually 
encroach on. the light areas, which contain pigment 
cells lackmg the enzymes necessary for melanm 
formation The encroachment was shown to be due to 
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the ‘infection’ of the hght cells by the genes of then 
neighbours 

Still more fundamental analysis of the problems of 
tissue inheritance and differentiation followed m 
Medawar’s main work on tissue grafting A graft from 
one mdividual to another will not m general survive 
(except with identical twins) He showed that this 
was due to the fact that the graft mduces the forma- 
tion, of an immune reaction by the host The power 
to react against homogiafts was, however, found to 
be prevented from developmg if the host animal was 
injected very young with cells from the dono: strain 
A mouse, ‘tolerant’ m this sense, could be made 
sensitive again 1f injected with cells from a live mouse 
of 1ts own stram 

Very recently Medawar and his colleagues have 
discovered ways of disintegrating cells ultrasomecally 
without destroymg ther antigenic power By 
fractionation ıb was then shown that this power 
resides in the nucleus and not the cytoplasm and 
may be associated with compounds of deoxyribo- 
nucleic acid and proteins 

These discoveries have thrown new light on the 
nature of the differences between individuals and 
open up important possibilities for then chemical 
analysis 


Davy Medal: Prof R B Woodward, For Mem R S 


Woodward is by general consent among the leading 
organic chemists of the world to-day His most 
important work has been m the field of natural 
products, and he has made major contributions to the 
elucidation of the structures of cantharidme (1941), 
pemenhn (1945), strychnine (1947), sempervirme 
(1949), santome acid (1949), patulm (1949), terra- 
mycin and aureomycm (1952), cevine (1954), mag- 
namycm (1956), rauvomutine (1956) and ghotoxm 
(1958) 

In the course of these studies he has contributed 
significantly to our understandmg of brogenetic 
pathways, especially for strychnime and in steroid. 
triterpene relationships Characteristic featwes of 
his structural work have been the clanty and 
penetration of his reasoning and the extensive applica- 
tion of modern physical methods It was by his 
correlation, of ultra-violet spectra with substitution 
patterns m unsaturated compounds (1941-42) that 
he made hus first important contribution to chemistry 
The resultant “Woodward Rules’ have been invalu- 
able, and hus own subsequent use of ultra-violet 
and infia-red methods has been a model to organic 
chemusts 

Woodward’s achievements in the field of synthesis 
are among the most spectacular features of organic 
chemistry m recent years His synthetic studies have 
included. work on morphine (1951), and have resulted 
1n the first syntheses of many other important natural 
products ineludmg quinine (1944), sempervirme 
(1949), patuhn (1950), cholesterol and cortisone 
(1951), strychnine (1954), lysergic acid (1954), lano- 
sterol (1954) and reserpme (1956) Not only are these 
syntheses notable for them elegance im conception 
and execution but also they have done much to 
bring stereospecific reactions mto general use m the 
synthesis of complex molecules and have greatly 
influenced all recent work in this field 

The scope of his work is further mdicated by his 
demonstration of the a.omaticity of ferrocene (1952), 
his work on reaction mechanisms, especially of the 
Diels-Alder additions, and most recently his con- 
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tributions to om understandmg of the theory of 
optical rotatory dispersion 
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Hughes Medal Dr A B. Pippard, FRS 


Pippard has made outstanding contributions to 
low-temperature physics, and he must be considered 
one of the leading experimenters m this field He 
has combmed first-rate experimental work with a 
mastery of theory 

Starting with superconductivity, Pippard intro- 
duced an important modification to the London 
theory, a phenomenological description of the electro- 
magnetic properties of a superconductor, which for 
many years has been an important guiding light in 
the subject He was led to this modification by his 
own expermments on the depths of penetration of 
currents m superconductors These were explaimed 
by the postulate of long-range wave-functions and 
thus non-localized effects, the current density at a 
pomt depending on the integral of the vector potential 
over a region (of about 10-* em ) Later developments 
in the fundamental theory have tended to confirm 
the correctness of Pippard's conception. 

He also studied the anomalous skin effect m non- 
superconductors and gave a simple but complete 
picture of what happens when the mean free path 
of the conducting electrons 1s large compared with 
the skm-depth of penetration of high-frequency 
currents 

More recently Pzppard has carried out detailed 
measurements, agam at high frequencies, on the 
surface iesistivity of smgle metal-crystals, analysmg 
the vanations which occur in different directions 
ielated to the ciystal axes In his work on copper, 
he has shown how such measurements can lead to a 
plot of the ‘Fermi surface’ of the metal By this is 
meant that a contour can be plotted of the way in 
which, the positions of the valence electrons of highest 
energy axe woven into the ciystal-lattice structure 
This adds to our knowledge fiom X-ray crystallo- 
giaphy of the lattice structure of the nuclei in a 
crystal, fundamental information about the geo- 
metrical pattern of the electrons 

Pippard's work 1s characterized by deep originality, 
coupled with experimental mgenuity and a profound 
theoretical insight into his subject 


THE INTERNAL AND THE EXTERNAL 
WORLDS 


There has been no slackening in the flow of signifi- 
cant discoveries from the world of science The most 
spectacular event of the recent past has been the 
transmission from the Russian Lune of photographs 
showmg the remote face of the Moon, an achievement 
acclamed equally by the layman and the man of 
science In a more recondite way interest has been 
aroused by an electrostatic theory of cosmological 
expansion, and in contrast with these escapes, m 
action or thought, beyond the bounds of the Earth, 
plans have been made for unprecedentedly deep 
drühng mto its interior Syntheses such as that of 
coenzyme A and of 6-ammo penicillanic acid have 
further strengthened the alhanco of organic chemistry 
and biology, and the production of specific forms 
of deoxyribonucleic acid outside a hving cell but 
primed by the presence of existing deoxyribonucleic 
acid has been another step towards the understanding 
of the material basis of hfe 
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Any of these thmgs, and indeed many others, 
might well form themes for a presidential discourse, 
but with a special end m view I shall smgle out fo 
mention one or two isolated and indeed rather special- 
ized samples These are chosen because they not 
only involve fascmating discoveries but also because 
they lead us to ponder once again on deep questions 
which should not be ignored by the contemporary 
man of science They relate, m fact, to the con- 
comitance of the inner world of conscious experience 
and the outer world of Natwe This extraordinary 
problem is always with us but the unexpeotedness 
of the new observations, though ıt does not really 
disclose new kinds of mystery, does reawaken us to 
awareness of something, the strangeness of which 
familiarity tends to dull 

The social hfe of insects cannot but fill the onlooke: 
with wonder, and arouse speculation about the con- 
scious elements which may he behind the behaviour 
manifest to an observer Nobody mtmmately 
acquainted with individuals among the bigher animals 
can seriously doubt that they possess some inner life, 
perhaps not entnely unlike our own But that of the 
insects 18 by our standards likely to be very peculiar 
indeed yet there ıs ın all probabihty an intelhgible 
pattern to ıt The Rothamsted work on the ‘queen 
substance’, transmitted from the queen bee to the 
other members of the hive, shows how this chemical 
compound regulates the whole reproductive process 
of the bee community and dominates the organization 
of their lives 

The inward concomitants of the obser ved behaviour 
we can scarcely mage, and mdeed the control of 
highly complex indrvidual and communal actions by 
a chemical substance could easily suggest a purely 
behaviourist view of living creatmes, and lead to the 
denial of the internal world altogether This I 
believe to be philosophically wrong 

Another recent research provokes us to think about 
the matter, as ib were m the reverse order We are 
famihar enough with human colour vision and can 
scarcely doubt the existence of this as a personal 
experience The external conditionmg of it has 
recently been stated by Land to differ very sui pris- 
mgly from what had been supposed, and to be of a 
quite extraordinary character The essential experi- 
ment is made in the following way A coloured scene 
is photographed by means of a split-umage camera 
sunultaneously through two filters, one of which cuts 
off the upper half of the visible spectrum and the 
other the lowe: half Two black-and-white positive 
transparencies are thus prepared These are pio- 
jected separately each with a different monochromatic 
hght, for example, two yellows differing m wave- 
length by a few hundred angstroms, and the images 
are recombined The resultant produces m the 
observer the whole gamut of colour sensations Thus 
information can be supplied to the bram so that, 
as Land puts 15, "the eye functions to see full colour 
in a universe involvmg only a narrow wavelength 
band” , 

The question of the relation of the internal to the 
external world 1s agam brought mto sharp relief by 
these remarkable findings: 

The topics I have mentioned can, of course, be 
treated without specific reference to these problems, 
but they lose a great deal of ther interest if the 
implications about consciousness are ignored or 
denied ‘There ıs mdeed one gioup of researches, 
carried further durmg the past year, m which these 
impheations cannot possibly be evaded, namely, 
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those m which physiological stimulation of the 
conscious brain is correlated not only with the 
behaviour of animals but also with the psychological 
experiences of a human subject 

The central problem of mund and matte: is not 
always thought worthy of their attention by men of 
science, yet ib was given piofound consideration 
several decades ago by Sir Charles Sherrington, and 
we axe vividly reminded of ıt in the most recent book 
of one of our senio Fellows, Lord Russell At a 
moment, too, when Daiwm ıs again very much m 
our minds, there are certam aspects of the whole 
matter about which 1t 15 highly important to think 
clearly The question raises a still more general issue 
which I should first like to consider There are few 
worse condemnations of a theory than to label ıb 
metaphysical, a term suggesting the attempt to 
arrive at truth by speculation divorced from expert- 
ment o: to mteipiet reahty by statements empty of 
scientific sense Little enough enhghtenment 1s 
afforded by such an assertion as that the orbit of a 
heavenly body has a given geometiic form because 
this constitutes the perfect figure Scientific theories 
aie properly expected to account for many things m 
terms of few, to predict new phenomena or to yield 
verifiable, quantitative results Yet too austere an 
application of this pimerple can segregate the world 
of science from the general world of intelligent appre- 
ciation, an unfortunate event at a moment when there 
18 growing realization of the mterest of science to the 
community at large 

Most men of science would disclaim any great con- 
cern with philosophy and especially with metaphysics 
But what ıs metaphysics ? In the last resort 1b 1$ the 
search for a statement subsummg the ultimate 
nature of all reahty Science has more modest 
hopes, and modein physics led the way to a consider- 
able 1enunciation m this respect which has had a 
profound influence on philosophy itself 

Yet in science the total neglect of philosophical 
aspects may be unfortunate It can lead, on one hand, 
to statements which are sensational but unsound, 
and, on the other, to an unhealthy mdifference to 
the relationship of science to existence m general, 
and m any event, even though science may seem to 
dechne metaphysical statements, 1t not only throws 
out challenges to philosophy but also 1s frequently 
itself confronted with problems mescapably philo- 
sophical m nature 

Scientific theories, though less ambitious than the 
systems of the older philosophers, and though claunmg 
neither universality nor finality, do aim to be com- 
-prehensive and do hope to stand the test of time as 
long as posstble Moreover, we do Judge them by a 
criterion mm which 16 would be hard to disclaim every 
metaphysical tange, namely, by the degree of mental 
and esthetic satisfaction they afford However 
much we may protest, utility 1s not enough There is, 
undeniably, m the law of gravitation some quality 
distinguishing rb from a set of empineal formule, 
however convement Men of science do, uncon- 
sciously at least, place hypotheses about Nature m 
a sort of hierarchy of esteem, where the conservation 
of energy and the second law of thermodynamics 
rank high and mere working rules 18nk low 

The difficulty of complete aloofness from philosophy 
is illustrated by parts of physics The theory of 
relativity donmunstes cosmology and defines the 
relationship between matter and energy The 
quantum laws and the Pauli principle provide the 
foundations of chemistry Yet these powerful and 
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productive generahzations mvolve distinctly meta- 
physical elements Although it seems to have been 
relatively late in the development of thought that a 
clear distinction between. subject and object, between 
the external world and the observer was recognized 
at all, for most men of science there was not much 
question about ıt at the beginmg of the present 
century  Eunstem, however, asserted the meaningless 
character of space and time abstracted from operations 
with measurmg instruments and clocks and thus 
established the observer as an indispensable partiei- 
pant, whose status was increased by the ‘uncertainty 
principle’ 

According to the Pauh prmeiple, observabihty 
becomes identifiable with the very possibility of 
existence Thus the foundations of imanimate 
Nature can scarcely be discussed without recognition 
of the madequacy of earlier spatio-temporal descrip- 
tions of reality, and without admission that subject 
and object had been in some respects too crudely 
separated 

The fundamental laws of quantum physics can be 
summarized m the wave equation and in a set of rules 
for its operation Some people, it ıs true, say that 
they are content to accept these without deeper 
mqury But im fact every one, whether he admits 16 
or not, seeks something which he calls understanding 
The piofessed empiricism about wave mechanics 18 
half-hearted, and more often than not the abstract 
mathematical formulation is given a metaphorical 
translation m which symbol and reality become very 
much confused ‘Waves of probability’ are created, 
electrons become ‘clouds’, potential barriers are 
*tunnelled through’ 

When sound metaphysics goes, the seven devils of 
bad metaphysics soon enter to fill the gap and give 
an illusion of clarity Metaphors which may be 
helpful m illustiation easily take control when the 
abstractness of the mathematical formulation becomes 
too austere, a fact which beais witness to the msistent 
demand of the mmd for satisfaction by somethmg 
beyond utility 

Incidentally ıt may be remarked that if the more 
serious and responsible men of science remain aloof 
from the task of relating them subject to its philoso- 
phical background, the less serious and responsible 
will do 1b for them, and will startle the unmrtiated 
with fantastic paradoxes which may impress the 
layman, but do scence real harm The discovered 
facts of Nature are mysterious and umpressive enough 
in ther own right That light seems to recede from 
relatively moving observeis at the same rate that 
the universe may look much the same from any- 
where that measured mass may vanish into energy of 
radiation that states of energy form a discontinuous 
series that indistmguishable particles cannot co- 
exist that m the would of small enough dimensions 
particles and waves lose the significance suggested by 
macroscopic analogies none of these needs dressing 
in sensational form to make 1ts impact on the thought- 
ful mind 

Nor, on the other hand, are they merely to be made 
the basis of formule for the sole purpose of 
computations In the last resort what men of 
science search for is the vision of Natme, and this 
must be expressed and communicated m those 
terms which provide the nearest approach to real 
understanding 

If this 1s true of the physical sciences, 1$ 18 equally 
so of biology One of the transitions from physics to 
biology is uluypmated by a remark of Heisenberg 
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“The mathematical formule mdeed no longer portray 
nature but rather our knowledge of nature” 

The question, then, of the relation of the internal 
and the external worlds cannot and should not be 
ignored by men of science 

lt 18 surpnsmg that biological discussions often 
under-estimate human consciousness as a funda- 
mental expermnental datum In science we attach 
no value to unverifiable deductions, or to empty 
qualitative statements, but nobody defends the 
neglect of expermmental data Among these we 
cannot validly disregard those of our own conscious- 
ness except by a dehberate abstraction for which we 
must assume iesponsibility, and which we should not 
forget havmg made 

It 18 temptmg to ignore observational facts when 
they seem intractable, smee we rightly abstain from 
the attempt to arrrve at the truth by speculation 
But in this we are not always consistent, and mdeed 
very umportant philosophical conclusions are some- 
tumes propounded by men of science Moral and 
esthetic qualities m man, for example, are not 
infrequently said to be explamed by the operation 
of natural selection Agam, ıb 1s sometimes asserted 
that surtable combmations of machmes could, in 
principle, produce results mdistinguishable by any 
operational test from animal or even human 
behaviour 

The mind-matter relation is quite often dismissed 
as non-existent or meaningless But moral qualities 
are not explamed by natural selection, human 
behaviour is not machine-hke and the mmd-matter 
relation cannot be ignored in an intelligent considera- 
tion of existence 

The approach to the problem of consciousness must 
admittedly be egocentric I have to begm logically 
with the, to me, indisputable fact that I have a wide 
range of conscious experiences (which are mdeed 
more important to me than anythmg else) The 
significance of this fact can be questioned in two 
ways first, by the objection that so fai as any 
operational test goes other people may well be 
behaving simply as machines, and secondly, by the 
assertion that my consciousness 18 & more ox less 
irrelevant concomitant of behaviouristic reactions 

I am, 16 18 true, not certam. that other people have 
consciousness Neither indeed am I certam that the 
atomic nucleus exists Bub I regard its existence as 
m the highest degiee probable I regard consciousness 
m other people as equally probable and for simila 
reasons The atomic nucleus 1s not dnectly observed 
It ıs mferred by elaborate reasonmg fiom many 
complex experiments, any one of which could pro- 
bably be given alternative interpretations What 
carries conviction 18 the fact that a coherent body of 
doctime emerges from large numbers of varied tests 

We are all the time trymg experiments on ow 
relations with other people, mformmg, askmg, 
ordering, obeying, resisting, with varymg emotions 
which ao correlated wrth our actions Human 
evolution. has developed an elaborate and sensitive 
communication system, brought into play 1n mnumer- 
able ways The hypothesis that other people have an 
interior life not unlike my own enables me to register 
correspondences at point after point in so mtiicate 
a way that I accept the hypothesis, 1f not as absolute 
truth, then as something nearly as good And with 
most of the basic conclusions of science I am in no 
position to demand more 

Thus the content of consciousness must rank as 
Somethmg directly experienced by everyone, and 
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therefore as providmg observational data This 
conclusion ıs not changed m the least by the con- 
sideration that the development of communication 
between individuals confers a biological advantage 
and ıs favoured by natural selection in so far as 
mutual assistance and the transmission of acquired 
knowledge can assist survival The communication 
mechanisms exist and one of therr uses 1s to enable 
us elaborately to test the coherence of predictions 
from the hypothesis that conscious lıfe is on the whole 
much the same for different people People like 
poets and novelists describe this mner hfe ther 
writings serve little enough biological purpose, but 
they are (sometimes at least) mtelhgible to the rest 
of us, and evoke memories of our own experiences, 
which check as significantly as those comeidences of 
calculations and dial readings on which we base our 
views about the physical world 

Nor can the observational data of consciousness be 
ielegated on the ground that they are on the whole 
qualitative rather than quantitative Science has 
to come to terms with qualities, and mdeed Weisskopf 
has pointed out that the quantum theory itself intro- 
duced fresh qualitative distmetions into a region 
where classical physics expected only quantitative 
differences 

The conscious experience 1s sometimes sot aside 
as supernumerary and irrelevant, on the ground that 
a machme can perform actions indistmguishable 
from those of a man (or with greater technical per fec- 
tion could do so) The answer that machmes like 
the so-called electronic brams work only to a ‘pro- 
giamme’ brings the rejomder that a set of machines 
could itself be programmed by another machine 
But the master machme would itself need a pio- 
gamme This would have to be piovided by another 
machme, and so on m an mfinite regress, there bemg 
no way in which the sequence could be closed to a 
self-contamed cycle 

The contention that a human bemg is a system 
of self-programming mechanisms seems to depend 
upon the error of neglecting relevant observational 
facts, those of consciousness belonging to precisely 
this category In its higher functions the human 
biam 18 programmed, not by other mechanisms, but 
by esthetic and moral elements which somehow 
have their seat in the consciousness, by elements, 
that ıs to say, which belong to the half of ieahty 
concerned with the observer rather than the observed 
Of the concomitance of consciousness with bram 
processes there 1s no doubt, but concomitance does 
not mean identity Changes m the election-levels 
of an atom are associated with the emission of hght 
quanta, but a photon ıs not a difference of quantum 
states Nor m a concomitance of A and B 8 it 
justifiable to assert that A ıs the cause of B without 
admitting the possibility of a recrprocal relation In 
partieulai, if we assert that physical happenmgs m 
the brain can affect consciousness, we must admit in 
pimerple that physical happenings m the bram may 
be consciously caused 

But 1t 1s an abstraction to speak of either category 
m isolation For many purposes the two may be 
separated as a legitimate approximation, but this 
does not mean that they can be iegarded as ın- 
dependent 

In parts of biology questions of consciousness are 
not of direct 1mportance but cannot m general be set 
aside  Behaviouism might give a good approxima- 
tion 1n describing the actions of intercommunicating 
individuals m a group, but 1t ignores the experimental 
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datum, known to each individual about himself, and, 
by the coherence argument, about others, that in 
then conscious mmds what men individually think 
o1 feel is of far more mportance to them than any 
mechanical part which they may play in the biological 
community 

There 1s, of course, a clear enough meaning in the 
statement that consciousness and moral and zsthetic 
feelings are developed by evolution and natural 
selection The power of conscious reasoning increases 
the chance of mdirvidual survival socal instincts 
favour the survival of the community, and are 1elatod 
to moral feelings ZEsthetics enter deeply into 
intellectual activity There need be no difficulty in 
agreeing that these thungs have selective advantage 
But the recognition that somethmg present will be 
selected gives no clue whatsoever to its actual nature 
or genesis For the purposes of natural selection a 
purely unconscious reaction of the bram and nervous 
system would have sufficed Beneficial reactions 
mdeed need have no conscious counterpart, as 1s 
widely evident m human physiology But behaviour- 
istic descriptions in general are models and abstrac- 
tions ignoring data which, so far fiom bemg tivial 
and irrelevant, are the only things which make us 
?nier aha concern ourselves with science at all In 
any event, if free will, moral feehngs and other 
conscious elements are illusions superposed on a 
behaviounistie backgiound, wherem can he them 
selective advantage ? 

There 1s at present no obvious answer to the ques- 
tion of what kind of advance can possibly be hoped 
for m the problem of psycho-physical concomitance 
This, however, ıs no 1eason for giving up thought 
which at least helps to avoid the kind of errors so 
easily made both about physics and about biology 
when the problem 1s ignored 

It would, moreover, be a mistaken pohey for men 
of science to withdiaw from the mquiry Lucretius 
mught well have been asked how any real knowledge 
of his primordial particles could ever be obtamed and 
would have been unable to answer Before Galileo 
and Newton there were no appropriate concepts m 
terms of which to understand the flight of a projectile 
At one time the rusting of iron must have seemed a 
process su» generis The discoveries of science and 
the evolution of its gramma: go hand in hand 
Negative predictions are discredited by the famous 
pronouncements of Comte “Toute recherche qui 
n'est pomi finalement réductible à de simples observa- 
tions visuelles nous est done nécessamement mterdite 
au sujet des astres Nous concevons la possibilité 
de déterminer leurs formes, leur distances, leurs 
grandeurs, et leurs mouvements, tandis que nous 
ne saurons jamais étudier par aucun moyen lew 
composition chimique * 

In the earliest times the description m rational 
terms of physical Nature was not so much an unsolved 
problem as one which people did not even conceive 

Human knowledge wil not be m a satisfactory 
state until the dichotomy of the mternal and the 
external ıs somehow removed 

In one way the man of science, because he starts 
by demanding least of an explanation, is the most 
likely to succeed m finding ıt The question might 
be asked What happens when an atom emits light ? 
The moie naively this 1s considered the less 1s an 
answer possible But the laws governing various 
correlations, change of atomic state with quantum 
emission, or quantum with field have been formulated 
in terms of concepts appropriate to the problem, and 
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they yield satisfaction not only by making possible 
quantitative predictions but also by an inherent 
elegance Eddmgton once discussed the way m 
which the terms of physics lnk together m endless 
cycles and pomted out that m one way Newtoman 
mechanics constitutes a vast tautology This 1s 
often true m so far as physical theories create, as 1b 
were from nothing, a series of definitions and concepts 
by the aid of which things previously mtractable are 
brought together into order and intelhgrbihty 

In the hght of this analogy, the furthe: exploration 
of the concomitance of the mternal and external 
worlds appears less permanently hopeless The right 
grammar and language need to be evolved In the 
process the present bounds of science may expand, 
but they have never been established by a firm 
decree Chemistry and physics have united with 
biology and penetrated regions once thought macces- 
sible Physiology 1s already allied with psychology 
and together they may seaich m strange and hidden 
places There will no doubt be difficulties of which 
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Freud’s struggle for acceptance provides a warnmg 
example, but ıt may be recalled that chemistry and 
physics themselves arose from a welter of charlatanry 
magie and surmise as the correct language m which 
to describe their phenomena gew up There aie 
so-called para-scientific aspects of biology and 
psychology, which to-day show all too often the 
discouraging characteristics of the worst days of 
alchemy Yet the history of chemistry wains against 
a final condemnation 

In the meantime those numerous studies are to be 
welcomed which, without solving the central problem, 
keep ıt constantly alve observations on individual 
and communal behaviour ın annals, on perception 
and illusion mvestigation of the processes of learning 
and memory, construction of machines which imitate 
the mental functions, search into the phenomena of 
sleep Above all, there hes hope that sooner or late: 
to the eye of genius some quite ordinary phenomena 
will reveal, lke the fall of Newton’s apple, an 
undieamt of but thenceforth obvious significance 
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THE SHAPE OF PROTEIN MOLECULES SUGGESTED BY ELECTRON 
MICROSCOPY 


By Dr, R. C. VALENTINE 
National Institute for Medical Research, Mill Hill, London, N W7 


HE weights of most of the important protem 
molecules are now known with a fam degree of 
certamty Apart, however, from some of the fibrous 
protems such as collagen, speculation about their 
shapes and sizes is less surely based The weight 
of a protem molecule when multiphed by the readily 
determined value for rts partial specific volume gives 
the volume of the anhydrous molecule Therefore, 
if protem molecules were compact spheres, their 
chameters would be known, and values calculated 
m this way from available data! are listed in Table 1 
for various protems But & diameter can also be 
calculated!, agam on the assumption of a spherical 
molecule, from the hydrodynamic behaviour of the 
protem, in particular from its rate of diffusion and 
sedimentation m the centrifuge and the viscosity of 
its solution In almost every case this diameter comes 
out to be significantly larger than that mdieated by 
the moleculer weight, the ratio of the two values 
giving the frictional ratio for the molecule There 
are three possible explanations for the discrepancy, 
that 1s, for frictional ratios greater than unity 
(1) the molecules may cany water either internally 
or as a surface layer, and thus behave 1n solution as 
larger objects than the calculated compact anhydrous 
size, (2) the molecules may be elongated rather than 
spherical, (3) the hydrodynamic formule mvolved. 
1n the calculations may not be strictly applicable to 
protein molecules 
The thnd explanation 18 not always considered, but 
in fact there 1s no compelling evidence that molecules 
behave like smooth, rigid bodies, as theoretically 
required , nor mdeed any direct evidence that the 
formule used are valid for objects. as small as a 
molecule The two other possible explanations are 
usually both taken into account and lead m the follow- 
mg way to a picture of the molecular shape The 


extent to which protems are hydrated ıs not easilv 
measured, but 0 3 gm water bound per gm protem 
i8 thought in most cases to be a good estimate 
Assummg some such figure, one can next calculate 
from theory? the ratio of the length to the width of the 
molecule that would then account for its behaviow 
Table 1 shows the results of these calculations The 
molecules are assumed to be ellipsoids—erther prolate 
(cigar-shaped) or oblate (disk-shaped)—but provided 
the structure is rigid, the length-to-width 1atios are 
not critically dependent on the exact model Except 
for ferrriin, all the protems listed come out to 
be distinctly elongated, and ıb 1s as long prolate 
ellipsoids that these protem molecules are usually 
visualized 

The election microscope, with its limit at a 1esolu- 
tion of 15 A, ought now to be capable of confirmmg 
these theoretical deductions by showing the shape of 
the anhydrous molecules directly on a photographic 
plate That ıt does not do so ıs due to the low 
electron-scattering power of proteins, and m practice 
no untreated molecule with a molecular weight less 
than about 2 million can be detected at all However, 
the contrast 1s greatly mcreased by metal shadowing 
and in this way Hall has obtamed some fine pictures, 
for example, of catalase? and fibrmogent But such 
pictures require exceptional technical skill, and as 
usually employed the metal coatmg ıs too gramy 
to give a reliable picture In addition, the structure 
of the supporting film ıs mevitably brought out and 
can cause confusion But even allowing for these 
difficulties, 1b 1s curious that m every attempt so fai 
published the electron microscope has failed to show 
the expected elongated forms of the piotem molecules 

A method that shows very fine detail on the surface 
of virus particles has recently been developed by 
Brenner and Horne’! and which they have termed 
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gative staining’. "Using spray droplets, they partly 
bed the virus in/a layer of neutralized phospho- 
ie acid and the relatively transparent objects ` 
ith great contrast against a nearly opaque 
etureless background. This is the reverse 

l] appearance and ‘negative contrast’ is 
a better deseription of the effect achieved. 
8 d that a similar method might also be useful 
showing up the larger protein molecules. For 
applieation the original procedure was modified 
jws. The protein at concentrations of between 
and 1:0 mgm. per mL was made up in 0.02 M 








exactly as deseribed by Williams and 

us. When the electron micrographs of the 
paration are examined, the protein molecules 
ear as clear points in 5-204. droplets of dark 
eless material. The procedure is rapid and 
i the risk of distortion by surface forces is 
ided since the drops set rather than dry. The 
ecules should be well preserved, and in fact simple 
ts have shown that proteins dried in the droplets 
| then re-wetted are still largely undenatured (for 
ample, enzymes remain aotive). 
Experiments with purified preparations of the larger 
teins soon showed that while some gave pictures 
high contrast, demonstrating convincingly the 
wer of this new technique, others were almost 
ually disappointing. ‘This was not related to 

























echnique was first used to demonstrate the 15 A. 
ole along the axis of the tobacco mosaic virus rod*) 
and any molecule having an open sponge-like struc- 
ure may fill with tungstate and be almost obseured. 
though preventing good pictures of some interesting 
oteins from being obtained, this penetration may 
ente which molecules have extensive internal 
ration. |. 

e proteins listed. in Table 1 were all examined by 
negative contrast technique, and some of the 








^ Figures refer to the protein component of ferritin which in addition contains 20 per cent iron. 
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| ; Hydration required - | 
E . Ratio length/width of | to account for be- 
Molecular Volume of compact | Diameter of molecule | molecule to account | haviour if molecules 
weight anhydrous molecule | if a compact sphere for behaviour if are spheres 
; . (AJ x 1075) (A.) 30 per cent hydrated (per cent) 
Glutamate dehydrogenase 1:0 x 107 | 1:25 134 3:5 | 95 
Thyroglobulin 6:3 x 10° | 0-76 113 4-2 | 120 
EEn, 4-8 x 10° 0-59 104 | 33 i 85 
4-7 x 1095 0-59* 110 1:0 i 50 
3-8 x 10* 0-46 96 10 i 230 
x ME 2:5 x 108 0-31 84 34 | 90 
dino 0 1:6 x 108 0-20 78 5-9 | 190 
albumin ; | 6-6 x 10* 0-08 54 $4 | 95 












































pictures obtained are shown in Figs. 1-6. Points 
particularly noted about each are now dis: 
cussed, vu 
L-Glutamate Dehydrogenase (Glutamic Acid Dehydro. 
genase). The unusual behaviour of this protein in th 
ultracentrifuge’ has suggested that the molecule car 
dissociate reversibly on dilution into smaller units 
Similar dissociation has also been observed in the 
presence of substrate, while. in the presence of. 
coenzymes re-association oceurs!?*. The molecula 
weight of the undisseciated molecule has beer 
measured as 1,000,000 (ref..10), and it is suggested 
that this represents a tetramer that can split into 
à dimer and then a monomer. Our electron i 
graphs lend support to these ideas. ^ The obj 
seen varied in size, depending on the concentrati 
at which the protein was sprayed. At suitable dil 
tions (about 0-5 mgm. per mL), three sizes of roug! 
spherical objects could be seen (Fig. i) measu 
125 A.. 90 A. and 75 A. The cubes of these numbers 
(which give a measure of volume) are almost exactly 
in the ratio 4:2:1. Smaller debris was also usuall: 
present. Tho largest objects’ appeared slightly 
smaller than the size of 134 A. calculated for a 1 
cule of the molecular weight. reported, but the 
difference might not be. significant. While these . 
electron micrographs certainly support the picture 
of the molecule as a tetramer, they do not suggest. a 
simple aggregate of 4 units. On dissociation, the 
molecule appears as if it has broken into two:or for 
equal pieces which have re-formed: into round 
irregular shapes. Thus although dissociation is said 
to be accompanied by a fall in axial ratio", there | 
is no obvious change in shape to account: for. 
this. i 
Thyroglobulin. Despite its large molecular weight, 
the molecules of this protein wëre almost indetectable 
by the negative-contrasb technique. Vague round: 
objects measuring about 140 A. across could just be . 
made out, and objects of similar size were seen in | 
metal-shadowed preparations. It may be that this 
moleeule has an open structure that is easily pe 
trated by the sodium tungstate and oceupies a volume 
roughly twice that calculated for a compact molecule 
of this weight. 
Urease. The molecules were similarly searcel: 
detectable. A diameter of about 130 A. was suggest 
again giving a volume almost twice that of a similar 
compact molecule. eae 
Ferritin. The structure of this molecule deduced 
from X-ray scattering has been described recently"? . 
and the findings correlated with previous work.’ The 
molecule contains 20 per cent iron (as ferric hydroxide) | - 
at its centre, this iron being free to move in and out. 
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Fig. 1. Molecules of t-glutamate dehydrogenase. x 400,060 
Fig.2. Molecules of ferritin. x 400,000 
Fig. 3. Molecules of catalase in a small crystal. x 400,000 


[ Fig. 4. Molecules of y-globulin, The centre to centre spacing of molecules that touch is 70 A., but the extreme edge of the molecules 
is not clearly shown on the print. x 400,000 


Fig. 5. Tobaeco mosaic virus rod with molecules of y-globulin antibody on its surface, x 250,000 
Fig. 6. Molecules of macroglobulin. x 400,000 
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without disarranging the protem shell The form of 
the iron eore has already been studied with the 
electron microscope and its varying appearance 
interpreted as differmg aspects of four closely spaced 
micelles The negative contrast pictures (Fig 2), 
while still clearly showmg the central masses of 
won, give & better picture of the outline of the sur- 
rounding protem Some of the molecules can be seen 
to be partly or completely deficient of mon The 
protein shell ıs about 25 A thick and the diameter 
of the molecules measures 110 A. 

Legumon <A sample of ths plant globuli was 
kindly supphed by Dr P Johnson (Department of 
Colloid Science, Cambridge) and the full physical 
data and findings will be presented elsewhere The 
negative-contrast technique showed the molecule as 
a short cylinder 85 A m diameter and 85 A high 
A hole 16 A wide was seen to run along the axis 
from one end of the molecule to the other The 
volume of such a solid corresponds closely with that 
calculated from the molecular weight, but the electron 
microscope again completely fails to show the asym- 
metrical shape required to fit the hydrodynamic 
data 

Catalase The molecules of catalase appeared as 
slightly elongated rmgs or as two parallel lines, 
suggesting end-on and side-on aspects of a hollow 
approximately eyhndrical shape The identification 
of such objects as catalase molecules was confirmed 
by obtammg pictures of the surface of small crystals 
of the protem (Fig 3) The same ring-hke forms can 
be seen m orderly array, the molecules measuring 
60 A across ther short axis and 85 A across the long 
one The molecules in the crystal appear to mterlock 
almost completely, not just to touch , thus the width. 
is very little greater where two rings meet m the 
crystal then it is m a single rmg m isolation This 
may suggest that the molecule has some sort of helical 
form that allows the surfaces to mterlock The 
height of the molecules cannot be deduced from the 
electron micrographs of the crystal, but measurements 
of isolated molecules seen on their sides suggest a 
height of 70 A From metal-shadowed pictures of 
catalase crystals, Hall’ has deduced a height of about 
60 A The thickness of the ring when the molecule 
18 seen end-on 1s about 20 A and this figure with a 
height of 70 A fits well with the molecular weight of 
250,000 The suggested shape 1s also consistent with 
Hall’s pictures of catalase molecules?, but the granu- 
lation in the metal shadowing partly masks the 
appearance of rmgs, and as a result he interpreted 
the electron micrographs differently 

y-Globuhn The molecule 1s traditionally pictured 
as cigar-shaped with a length-to-width ratio of about 
5:1 The negative-contrast technique shows a 
perfectly round molecule of diameter 70 A (Fig 4) 
Similar molecules were seen attached to viruses after 
treatment with specrfic antiserum Fig 5 shows a 
tobacco mosaic virus rod after such treatment and a 
number of y-globulin molecules (antibodies) can be 
made out on 1ts surface 

Serum Albumen Repeated attempts to show the 
molecule of albumin in the same way have failed 
All that has appeared are vague round forms 70 A 
in diameter and objects too small to be the mtact 
molecules measuring 30 A A possible suggestion 18 
again that this molecule has an open structure largely 
penetrated by the sodium tungstate 

Macroglobuhn A sample of globulms from a 
pathological serum was exammed In the ultia- 
centrifuge this had shown, m addition to the usual 
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y-globulin peak, other peaks at 16 2 S, 22 5 S and 
296 S The electron micrographs of this material 
(Fig 6) showed various sizes of spherical molecule 
with diameters close to 70 A (normal y-globulin), 
100 A, 125 A and 150A 


This prelimmary survey of protein molecules with 
the electron microscope has clearly shown two pomts 
The first is that the negative-contrast technique 18 a 
valuable method for showing the shape of many 
molecules, and the possibilty of studying molecular 
interactions in the same way 1s opened up Secondly, 
the question that has frequently been raised of late 
as to the significance of the frictional ratios calculated 
for molecules 1s now even more in dispute In the 
case of ferritin, the values obtamed for the sedi- 
mentation and diffusion constant fit well with the 
observed nearly spherical shape (the axial ratio cal- 
culated was originally given as 3 4, but this seems to 
be an error) The nearly symmetrical but not 
spherical shapes found for catalase and legumm 
would have an undetermined effect on the frictional 
ratio, but could scarcely give values as high as those 
actually found The loose open structures proposed 
for thyroglobulin, urease and albumm might, how- 
ever, have high frictional ratios But ın the case of 
Y-globulm a perfectly spherical form behaves as an 
ellipsoid five times as long as 16 18 wide, to account 
for this a hydration of almost 200 per cent would 
have to be proposed and this will generally be con- 
sidered. an impossibly high figure If one 1s not to 
conclude that frictional ratios bear little relation to 
shape and merely indicate the degree to which classical 
hydrodynamics 1s mapplhieable to the molecules, only 
one alternative seems to remam It ıs possible, as 
Hall has suggested for fibrmogen‘, that the sym- 
metrical objects seen with the electron microscope 
are only units of the molecule and are jomed m pares 
or trios by undetectable lnks Thus y-globulin 
could possibly be a dumb-bell-shaped molecule with its 
spherical ends linked by perhaps a smgle protem cham 
that would remain unseen if less than 10 A wide 
Study has, however, so fer quite failed to produce 
any evidence ın favour of such pawmg of units With 
all the protems studied here, the electron microscope 
in fact suggests various almost symmetrical but not 
always spherical shapes 

Y am grateful to vanous colleagues, Dr A § 
McFarlane, Dr J R Tata and Dr. A C Allison, for 
samples of the purified protems used m this work, 
to Dr P A Charlwood for ultra-centrifuge data on 
the macroglobulm and to Miss B Cooling for help 
with the electron microscopy 
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OBITUARY 


Prof C. T R. Wilson, C.H, F.RS 


Av the time of his death, and 1n relation to date of 
election, Charles Thomson Rees Wilson was senior 
Fellow of the Royal Society by four years He was 
elected to the fellowship in 1900, and, mdeed, of 
those elected in the decade 1900—10, only three 
survive him He received the Hughes Medal m 1911, 
a Royal Medal m 1922, and the Copley Medal m 
1935 Eight years previously he had shared the 
Nobel Prize for Physics with A H Compton This 
bare recital of fact tends to obscure the man m the 
record of history ıt closes in the year which followed 
his retirement from the Jacksonian professorship 
at Cambridge, and his return to Edmburgh—and 
Scotland It obscuresC T R the man, who endured, 
until the end, bright-eyed, nervously alert, long of 
stride, young of heart, serene through a quarter of a 
century of conflict and change which passed him by 

His years of retirement were not empty Soon 
after his eightieth birthday, he moved from Edmburgh 
to the village of Carlops, close to his birthplace at the 
farmhouse of Crosshouse, at Glencorse , but regularly 
thereafter he made the journey to the city by bus 
80 that he might lunch with friends, physicists and 
others, many of half his age or younger, once a week 
in a crowded restaurant Scientifically, too, his 
retirement was fruitful. some four or five years ago 
he began again to write the long-promused account 
of his theory of thundercloud electricity, and finally, 
on April 27, 1956, the manuscript was lodged with 
the Royal Society It was published 1n the Proceed- 
?ngs 1n August of the same year: twenty pages of 
closely reasoned statement—emphatically a work 
of the present, not of the past Nor was he home- 
bound. he attended a dmner in his old college at the 
tame of his eightieth birthday and, when the reactor 
Dido was inaugurated at Harwell n November 1956, 
he was among the guests It was my privilege to 
be his travellmg companion on that November day 
Rising about 530 am, he was in Edinburgh soon 
after seven , we made the return journey to London 
Airport by BE A Viscount, i5 was nearly 11 pm 
before he was home agam In the meantime, every- 
thing that there was to be seen he had seen , he had 
climbed all the ladders and looked into all the peep- 
holes, there had been a diffusion cloud-chamber 
working, and he had seen that too He was delighted 
Only one discontent clouded his joy Travel by 
civilian sir-hner was not overmuch to his hiking His 
preference was for the ngours and the exe:tement of 
the ancient Anson of the weather flight, m which he 
was flying as a student whenever occasion offered, 
an honorary member of the meteorology class of the 
University of Edinburgh Such flights were a recur- 
ring delight of his last years, taking him to the north- 
west, over the outer isles, in fine weather and foul 

C T R hved to become a legend for me he was 
already legendary nearly forty years ago The 
headmaster of my Yorkshire grammar school had 
been head of the science side at Bradford m the 
1890's, and there, for a brief spell, C T R had 
endeavoured to instruct the young, soon after he had 
graduated at Cambridge ın 1892 In later years, 
when he hed retired from Brdhngton, Arthur 


Thornton 1emimded the authorities of his former 
school of a forgotten, episode of its history, how for a 
little while 1$ had numbered among ıts staff a future 
Nobel prizeman—and had not known his worth 

Wilson's father died when he was four years old 
Thereafter his mother moved to Manchester, and 
O T R, mtendmg to become a doctor, entered 
Owens College to study biology Balfour Stewart 
(an Edmburgh man) was professor of physics at the 
tame A dozen years previously, or thereby, J J 
Thomson had. passed through his class on his way to 
Cambridge C T R went on to Cambridge, also 
to Sidney Sussex College, with an entrance scholar- 
ship Not until then did his interest veer to the 
physical sciences, but once the decision had been 
taken, that he should abandon medicine, there was 
no turning back By the begmning of 1895 he had 
already started on what was to prove his major work 
It was an unhkely begmnmg for a fundamental 
research, yet, after thirty years, 16 was to fill the 
physical laboratories of the world with an apparatus 
which, for a generation, did more to speed the progress 
of experimental physics than any other agency 

In 1895, Wilson was merely attempting “to 
imitate in the laboratory" the ‘glories’ which he had 
seen on the summit of Ben Nevis m the late summer 
of the previous year But he had a sharp eye, and & 
keen mind, and he had been workmg for no more 
than a few months before his interest became engaged 
in the few drops which reappeared time after time 
continually, as often as he chose to expand a volume 
of moist, dust-free, air by more than a 5 4 ratio 
He seized the sigmficant conclusion that m such 
circumstances condensation nuclei must be bemg 
produced continuously throughout the sample of air 
This observation could not have been made at a more 
opportune time—or m a more suitable place In 
December 1895 news of Rontgen’s discovery startled 
the world, towards the end of the followmg month, 
in Cambridge, Thomson and McClelland discovered 
the conductivity umparted to am by the passage of 
X-rays Old knowledge concernmg the slight 
‘residual’ conductivity of the atmosphere now began 
to fit into place, and 16 was with ‘delight’, but scarcely, 
one imagines, with surprise, that Wilson found his 
‘rain-like’ condensation enormously inereased when 
he exposed his primitive cloud chamber to the new 
rays This was m February 1896 The hypothesis 
that the conductivity was due to gaseous ionization 
was firmly established by Thomson and Rutherford 
duiing the summer of that year Thereafter no one 
doubted that gaseous 1ons could be fixed m thus 
manner-—-by condensing water vapour on them, 
through the process of adiabatic expansion 

Characteristically, Wilson did not himself become 
involved, at that time, 1n. the excitement of the new 
investigations into the other properties of X-rays 
or of the Becquerel radiation Instead, he carned 
out a full investigation of the details of the condensa- 
tion phenomenon and with simple apparatus, but 
sure insight, a thorough study of the residual 1omza- 
tron 1n air and other gases Then, m the early years 
of the century, he turned to different problems, and 
an inereasmg load of advanced teaching came to 
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occupy his time In 1910 a second phase of interest 
m the cloud apparatus followed, and early m 1911, 
for the first tıme, the tracks of individual «-particles 
and electrons were seen and photographed The 
paths of the «-particles were just as W H Bragg had 
diawn them, five yeais previously, and the tracks of 
the elections ''httle wisps and threads of clouds” 
This achievement was widely—and justly—acclaimed 
but, strangely, the literature of the period provides 
little evidence that others elsewhere sought to 
emulate Wilson's success 

The situation was entirely different after the third 
phase of Wilson’s own interest By 1923 he had 
finally brought to perfection this most remarkable 
method of experiment The photographs of electron 
tracks with which he illustrated two classic papers 
published in that year were of such quality—and 
beauty—that the cloud chamber could no longer be 
dismussed as an amusing toy All over the ervilized 
world workers built themselves the necessary equip- 
ment In Cambridge, Blackett and Kapitza, in 
Paris, Iréne Curie and Auger, m Berlm, Bothe and 
Meiner and Philipp, Skobelzyn m Lenmmad, 
Kikuchi in Tokyo—all within a very few years were 
operatmg Wilson cloud chambers with signal success 
This was but the begmnmg of the story, and i: 18 
pointless here to continue ıt Whoever turns the 
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British Ceramic Research Association : 
Dr.A T Green, CBE 


Dg A T GREEN retnes from the directorship of 
the British Ceramic Research Association on Decem- 
be: 31, after thirty-eight years service to the ceramic 
industry, durmg which time he has established hım- 
self as one of the world’s leading ceramists An old 
boy of Hanley High School, he joined Dr Mellor at 
the British Refiactories Reseaich Association after 
the end of the First World Wai and quickly became 
associated with work on refiactoiies for the steel and 
gas industries, and by lus meisive attack on the 
problems he then encountered he laid the foundation 
for future developments, the benefits of which aie 
still being reflected in. the economics of those mdus- 
tries He was made assistant directo: in 1931 
and succeeded to the dnectorship on Dr Mello's 
retnement m 1937 After the Second World War, 
Dr Green, who had been made O BE for his contri- 
bution to the war effort, was charged with the task 
of uniting the British Refractories Research Associa- 
tion and the Birtish. Pottery Research Association to 
form the British Ceramic Research Association, and 
he took up the directorship in 1947 The Association's 
main laboratories 1n Queens Road, Penkhull, opened 
m 1951 by the Duke of Edinburgh, were planned 
under Dr Green's direction, and the steady output 
of research papers—more than 400 have been pub- 
lished smce 1948—3s a taibute to the inspiration with 
which he has led his team of research workers 
Dr Green has been able to see, before his retiiement, 
the completion of anothe laboratory block—to be 
named the Mellor-Gieen Laborato11es—which 1s to 
serve the structural clay products branch of the 
ceramic industry Dr Green was made CBE m 
1957, and was awarded the degiee of D Se honoris 
causa by the University of Leeds m 1949 He is an 
honorary member of the Institute of Gas Engmeers 
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pages of a physical jouinal of the past thirty years 
will see for himself something of what the harvest has 
been he will appreciate the abundance of it even 
more clearly if he tuns the pages of "An Atlas of 
Typical Expansion Chamber Photographs" (1954), 
with its dedication to “C T R Wilson, whose mven- 
tion of the cloud chamber made these photographs 
possible’, and its frontispiece reproduemg his 
portrait by James Gunn There could be no better 
Festschrift 

Wilson gave to physicists ın general a sharp tool for 
research, second to none By contrast, he gave to 
very few of them his personal guidance, as director 
of then individual researches to Wormell, m the 
general field of atmospheric electricity (1n this notice 
Wilson's contributions to this field have no more 
than been hinted), to Powell and Dee and J G 
Wilson 1n eloud-chambe: studies , so the hist 1s almost 
complete Too much must not be made of this 
distinction whether he be of the select few, or of the 
many, every physicist who has ever operated a cloud 
chamber must acknowledge his debt It cannot be 
measured m words 

C T R Wilson was boin on February 14, 1869 
He died on November 15 in the midst of his family 
Mis Wilson, his son and two daughters survive hum 

Norman FEATHER 
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and of the British Ceramic Society, the latter he 
has served as honorary general secretary foi the past 
twelve years He was one of the founders of the 
Institute of Ceramics and was its first president 


Dr. N. F. Astbury 


Dr N F Asrsury, who has been deputy director 
since 1957, will succeed Dr Green Dr Astbury 
was a scholar of St John’s College, Cambridge, 
where he obtained first-class honours in both parts 
of the Natural Sciences Tripos After leaving 
Cambiidge, Dr Asthury was fo: ten years on the 
staff of the National Physical Laboratory, and 
at the outbreak of war went to the Anti-Submarme 
Expermmental Establishment In 1945, he entered 
industry to become duectoi of research of the 
firm of Joseph Sankey and Son, Lid, and then 
director of research to the Guest Keen Nettlefold 
Group of Companies, of which Sankeys 1s a member 
frm Durmg this time Dr Astbury planned the 
central research laboratory for the group, which has 
now been established in Wolverhampton foi ten 
years Smce 1949 Dr Astbury has held two profes- 
sorships—one, the chan of applied physics m the 
University of New South Wales and the other m the 
University of Khartoum, where he was also dean of 
the Faculty of Scrence For a short time before 
Jomung the British Ceramic Research Association he 
was at the Royal Aurcraft Establishment, Farn- 
borough Dı Astbury was awarded his Se D by the 
University of Cambridge m 1954 He serves on the 
Education and Membership Commuttee of the Insti- 
tute of Physics and on the Advisory Board of the 
Journal of Screntyfic Instruments and the British 
Journal of Applied Physics, and ho 1s also a member 
of the Board of Studies of the National Council fo: 
Technological Awards " 
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Deputy Director of the National Physical Labor- 
atory Dr G Macfarlane 


Da GEORGE MACFARLANE, & deputy chief scientific 
officer at the Royal Radar Establishment, Malvern, 
has been appomted deputy director of the National 
Physical Laboratory He succeeds Dr Edward Lee, 
who has occupied the post smce March 1958 (see 
Nature, 181, 600, 1958), and who now becomes 
director of the Stations and Industry Divisions at 
the headquarteis of the Department of Scientific 
and Industria] Research 

Dr Macfarlane, who 1s forty-thiee, graduated with 
fixst-class honours m electrical engmeermg at the 
University of Glasgow m 1937, and went on to do 
two years postgraduate research at Dresden, where 
he gamed the Dr Ing degiee in 1939 He jomed the 
Telecommunications Research Establishment (now 
incorporated ın the Royal Radar Establishment) m 
1939 Throughout the war years he concentrated on 
mathematical problems m iadar and microwave 
physes In 1945, he became head of the Mathematical 
GO: oup, and a year later took charge of the Theoretical 
Physics Division — Since 1953 he has been carrying 
out individual research m the Physics Department of 
the Establishment 
Research, 


European Organization for Nuclear 


Cern 


In the fourteenth session of the Cern Council which 
was held 1n Geneva on December 2 ıt was proposed 
that mternational co-operation should be developed 
in the field of high-energy accelerators such as those 
constructed at the European Centre for Nuclear 
Research m Geneva The contributions of the 
Member States have undergone some modification as 
a iesulb of the accession of Austa to Cein and of 
changes 1n the national incomes 





Country 1960-62 1957-59 

(%) (%) 
Austria 1 93 — 
Belgium 415 4 89 
Denmark 199 2 23 
France 21 22 22 26 
German Federal Republic 19 52 18 27 
Greece 117 l'08 
Italy 10 09 10 61 
Netherlands 8 85 3 78 
Norway 1 61 1 72 
Sweden 4 23 4 85 
Switzerland 8 29 3 48 
United Kingdom 25 00 25 00 
Yugoslavia 1 95 1 88 

100 100 








The Council approved contributions fiom the 
thirteen membe: States totallmg 65,000,000 Swiss 
francs for 1960 This compaies with a budget of 
55,000,000 Swiss francs for 1959 Of the 1960 
expenditure, 38,500,000 Swiss francs are earmarked 
for capital expenses, of which 15,000,000 Swiss francs 
are for new buildings and general site facilities, 
and 18,000,000 Swiss francs for auxiliary expe: mental 
equipment The remamung 26,500,000 Swiss francs 
will cover general staff and operating expenditure 

The following appomtments were announced 
F de Rose (Fiance) and Prof W Heisenberg 
(Germany) and J Willems (Belgnun) were re- 
elected iespectrvely president and vice-presidents 
of the Councd J H Banmer: (Netherlands) was 
re-elected chawman of the Finance Committee 
Piof F Perm (France) takes the place of 
Prof H Alfvén (Sweden) on the Scientific Pohey 
Commuttee 
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Reactor Project at Halden 


Tse second fuel charge for the Organization for 
European Economic Co-operation Boilmg Heavy 
Water Reactor Project at Halden, Norway, has been 
ordered by the Norweg.an Institutt for Atomenergi 
from AB Atomenergi of Sweden The order is 
worth approximately 500,000 dollars The Halden 
reactor, which 1s one of the two experimental reactors 
ın the current programme of the Orgamnization’s 
European Nuclear Energy Agency, has been in 
operation at zero power since last June using a fuel 
charge of natural uranium metal With this charge, 
to which 1+ 18 intended to add a certam number of 
shghtly enriched uranrum ‘spikes’, a maximum power 
of approximately 5 MW is expected The second 
fuel charge will consist of approximately 1,500 kgm 
of 1 5 per cent enriched uranium oxide, made up mto 
100 7-element assemblies of zncalloy-clad rods 
This charge 1s expected to enable powers up to 20 MW 
to be obtamed Delivery of the second charge will 
be in March 1961, and will melude eight extra fuel 
assemblies, without uranium, foi experimental use 
in the reactor core 
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Mental Health Problems in Old Age 


A NEw report issued by the World Health Organ- 
zation (Technical Report Series, No 171. Geneva 
WHO , London HM Stationery Office 3s 6d) 
deals with some of the psychological and social 
problems posed by the agemg of populations It 1s 
the work of a small expert committee which met m 
Geneva last year to consider the broad psychiatric 
immpheations of present population trends In its 
report, the commuttee stresses particularly the need 
for integrated mental health services for the aged 
which would provide guidance as well as medical 
care Emphasis is also placed on the need for funda- 
mental research on the psychological assets and dis- 
abilities of olde. people Although this report deals 
principally with the stiictly psychiatric aspects of 
old age, ıt deserves careful study by all concerned 
with the biology of agemg and the care and manage- 
ment of the elderly 


Friends of the Lake District 


THe annual report of the Funds of the Lake 
District reviews the work of the association &moe ib 
was founded twenty-five years ago So long ago as 
1936 an agreement was reached with the Forestry 
Commussion not to acquire for afforestation any land 
withm the central 300 square miles of the Lake 
Distiict In 1937 the first proposals for making the 
Lake District mto a national park were put forward, 
while, m 1937, the association persuaded the West- 
morland and District Electricity Co to modify its 
plans about overhead electiicity Imes and to put 
them undergiound By 1938 membership of the 
society had reached 2,700 In the same year, a road 
policy for the Lake District was produced, the society 
suppoiting a case against the making-up as motor 
roads of the remoter mountain passes and urgmg 
restiamt agamst the up-grading of Lake District 
roads generally At about this time measures were 
first taken to piotect the 1arer birds which nest m 
the ligh fells This work has continued over the 
yeais with beneficial effects The society has also 
taken vigorous action to prevent the silting and 
discoloration of Uliswater by effluent from the Glen- 
iiddmg lead mine Other matters in this interesting 
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1eport include accounts of the measures taken to 
mitigate the effects of war traming areas, control of 
war-time factories, and the building of reservoirs by 
local authorities The report (Friends of the Lake 
District 1934-1959 Retrospect and Annual Report, 
June 1959 Pp 30) may be obtamed from the 
Secretary, 14 Princes Street, Ulverston, Lanes 


Freshwater Biological Association 


Tue now famuliar style of the yearly report of the 
Freshwater Biological Association should be taken as 
a model of the way m which reports of scientific 
associations could be presented (Freshwater Biological 
Association Twenty-seventh Annual Report for the 
year ended March 31, 1959 Pp 81 (Ambleside 
Freshwater Buological Association, 1959) — 4s) 
Although brief, it gives details of the administrative 
work of the Association during the year, a statement 
of 1ts finances, a description of the staffing position, 
as well as a clear account of the scientific work carried 
out by the staff durmg the year supported by a list 
of all papers submitted by them to learned societies 
and journals The presentation should be of particu- 
lar value to lay members of water boards throughout 
the countiy Among interesting scientific work was 
that by Dr Talling on the photosynthetic behaviour 
of plankton algae, considered in relation to the pro- 
blems of primary production m lakes Particular 
attention has been given to the variation of photo- 
synthesis rate with depth, a fundamental relation 
in calculations of photosynthetic productivity below 
unit area In the course of work by Dr Willoughby 
on the distribution of the lower saprophytic fungi 
(Chytridiales and Blastocladiales) of Esthwaite vater, 
a species of Blastocladiella has appeared repeatedly m 
bartmgs fiom the maigmal zone The group Blasto- 
cladiales 1s one which has excited a great deal of 
interest. especially m America, but no member of 
either of the two most important genera, Allomyces 
and Blastocladzella, had ever been 1ecorded before m 
Britam, and no Blastocladiella had been reported from 
Ewope The species found m Esthwaite occurred 
on all three types of bart used, cellulose, chitm and 
keratin, and xts ability to grow on all thee has been 
verified m culttmes grown from a sigle spore Unlike 
B emersonw Cantino, 16 does not respond to treatment 
with bicarbonate by producing resting spores The 
ieporb 1s available from the Secretary, The Feny 
House, Far Sawrey, Ambleside, Westmorland 


The Institution of Mining Engineers 


It 18 announced that Mi R G Bake: has been 
elected president for the year 1960-61 ın succession 
to Mr T A Rogers Ir A Hellemans (duector, 
Staatsmynen m Limburg) and Dr J Taylor have 
been elected honorary members of the Institution 
The tenth award of the Douglas Hay Medal, 
instituted in 1950 m memory of the late Prof D 
Hay, past-president, has been made to Mr A E 
Crook in iecognitaon of his valuable contiibutions 
to engmeermg practice in muning with special 
reference to haulage and windmg and for his papers 
on these subjects in the Transactions The Maskell 
Peace Scholarship of £70 for 1959, the tenth since the 
Institution accepted the trusteeship of the fund from 
the Mmmg Association of Great Britam, has been 
awarded by the North of England Institute of Minmg 
and Mechanical Engmeers to Mr P Hutchmson, a 
student at the Department of Mmmg Engmeering, 
King’s College, University of Durham 
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Trevelyan Scholarships 


THE first awards of these scholarships were made 
in 1958 and the second awards have now been made 
by the Trust The scheme is sponsored by the 
followmg companies Arthur Gumness Son and Co, 
Lud , Associated Electrical Industries, Ltd , Court- 
aulds, Ltd , English Electric Co, Ltd , Guest Keen 
and Nettlefolds, Ltd , Imperial Tobacco Co, Ltd , 
John Summers and Sons, Ltd , Penmsular and 
Oriental Steam Navigation Co , Rolls-Royce, Ltd , 
Steel Company of Wales, Ltd , Stewarts and Lloyds, 
Ltd , and the Umted Steel Companies, Ltd — Suffici- 
ent funds have been subseribed to permit the award 
each year of not less than 34 three-year seholarships of 
£450 a year over a period of five years It was 
arranged that all apphcations would first be con- 
sidered at either Oxford or Cambridge, according to 
the applicants’ first choice, the University panels 
agreemg upon ‘short lists’ of candidates for final 
interview by a selection committee For the second 
selection 198 applications were accepted, and from 
these a short list of 68 applicants were interviewed 
In 1958, 123 applications were accepted and 54 
appheants were interviewed The selection committee 
restricted the awaids to 23 m number, of which 12 
ae tenable at Oxford and 11 at Cambridge In 
1958, 19 awards were made 10 at Oxford and 9 at 
Cambridge 


Announcements 

COMMENCING January 9, a course of twelve lectures 
and appropriate practical work on miero- and semi- 
mucrochemical methods will be held on Satmday 
mornmgs at the Norwood Technical College, London, 
SE27 This course has been amanged for teachers, 
industrial and research chemists, and 1s designed to 
survey the prmeipal branches of chemistry m which 
small-scale methods have been successfully apphed 
Further information can be obtamed from the 
secretary of the College 


THe Bradford Institute of Technology has an- 
nounced that ıb 1s holding a symposium on “Recent 
Developments m Textile Chemistry” and also a short 
course in “New Techniques m High Polymer Chemis- 
try” The symposium is to be held on February 13 
m conjunction with the Bradford Chemical Society 
and the Yorkshire Council for Further Education 
The course 1s to take place durmg February 26-27 
Both are to be held at the Bradford Institute of 
Technology Further mformation can be obtamed 
from the Registrar, Institute of Technology, Bradford 
7 


Tae Association of Agriculture has announced that 
a series of eight evenmg lectures, the third m 1ts kind. 
to be organized m collaboration with the Extia-Mural 
Department of the University of London, will be 
held during January 20-March 9, 1960 The series, 
“The Land of Britain, 18 1t used to the Best Agricul- 
tural Advantage ?", will take place at the London 
School of Hygiene and Tiopical Medicine, Keppel 
St, London, WC1 Further mformation can be 
obtained from the General Secretary, The Association 
of Agriculture, 53 Victoni St, London, S W 1 


Erratum The authors of the communication 
entitled “Mineral Uptake and Retention m Cotton- 
grass (Ervwophorum vaginatum L )" published m Nature 
of August 8, p 467, state that the ordmate of Fig 1 
was meorrectly prmted by them, for “meq” 1ead 


e 2 
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THE BRITISH COTTON INDUSTRY RESEARCH ASSOCIATION 
OPEN DAYS AT THE SHIRLEY INSTITUTE 


HE fortieth annual general meeting of the 
British Cotton Industry Research Association 
was held at the Shirley Institute on October 22, with 
the chairman of the Association, Mr N G McCulloch, 
presiding In his address Mr McCulloch said that he 
wished to reiterate a view that he had many times 
expressed, that there was an urgent need m the 
Lancashire textile industry for a much more concen- 
trated and sustained. study of the subject of organ- 
wation and management than had so far been 
attempted The Shirley Institute was no stranger 
to this field of work and had made a number of 
worthy contributions, but the effort needed mten- 
sifymg and widenmg Mr McCulloch also referred 
to the working party which had been set up to 
consider. the problems involved m the proposed 
fusion of the Institute with the British Rayon 
Research Association, and emphasized the importance 
of this latest move towards rationalizing co-operative 
research for the Lancashire textile industry 
Mr J Lmndley, honorary treasurer, in reviewing the 
statement of accounts for the year, was particularly 
concerned to emphasize the need for adequate reserves, 
since expenditure on research could not be turned 
either off or on lke a tap He pointed out that the 
general reserves at present were 1n fact only sufficient 
to pay the Association’s outgomgs for rather less 
than nine months 
At the end of the meeting, Mr McCulloch announced 
his forthcommg resignation and tributes were paid 
both by Mr Lindley and from the floor of the meeting 
to his great contribution as chairman for the past 
ten years 
Dr D W Hull, director of research, then presented 
his report on the year's work and stressed the 
consideration which had been given durmg the year 
to the need for & research association to follow up 
its research work with all possible steps to ensure 
application m mills and works This was a particular 
concern of the Institute durmg the industry's difficult 
times, and ıt was reflected, for example, by an increase 
of 14 per cent ın technical inquiries received by the 
Institute durmg the preceding year There was also 
a need to keep abreast of industrial advances m 
foreign countries, to which end four teams had been 
sent to the Continent to visit Holland, Italy, France 
and Western Germany and to report their experiences 
to members 
In selecting a few research and development topics 
for special comment, Dr Hull mentioned the con- 
timumg work for spinners on control of regularity of 
their mtermediate products, and referred to the 
success of the cop sorting device for condenser 
spinners Anew programme of work was now starting 
on winding and beamung, with particular emphasis on 
the variations in the density of various wound pack- 
ages Results of mterest to both spimners and 
weavers should follow the mtroduction of a new 
technique involving the use of a radioactive isotope 
within the package The work on sizmg contmued 
and attention had been paid to, and a device 
developed for, reducing the hairmess of yarns, 
particularly those of synthetic fibres Work on the 
dry-feed attachment of the automatic size box had 


reached the point of muitiating mill trials It was 
impossible, with the limuted resources available, to 
do simultaneous research on all the widely diverse 
problems of the industry, and 16 had been decided to 
devote attention at intervals to the smaller and more 
specialized sections At the moment, for example, a 
fundamental study of the operation of a terry-towel 
loom was being started 

On the chemical side, Dr Hill directed particular 
attention to past history of work at the Institute on 
bleachmg processes, work which had been recently 
brought up to date by a thorough exammation of the 
mechanism of sodium chlorite as a bleaching agent, 
which had also produced very valuable technological 
results Also for finishers, Dr Hull reported that a 
long-term physical study of the action of the raising 
machine had resulted m the introduction of a new 
kind of mstrumentation in this process which should 
be of great technical benefit 

As in previous years, the Institute laboratories 
were open for mspection for two days, when all 
members of staff were available for consultation 

Spinners were particularly interested im an auto- 
matic nep counter, so far only used for research 
purposes, m which a photoelectric method 1s used for 
detecting neps, followed by an electronic counter 
A new version of the Shirley opener was also shown, 
as was a recent further improvement to the pressure- 
point system 

In the Weaving Department a large exhibit 
attracted the attention of members to the widely 
varied services the Institute could offer them, while 
another exhibit analysed the major causes of warp 
breaks duung weaving A stretch regulator, the 
Shirley loom and the new device for reducing hairiness 
were also operating Most interest in this section, 
however, was raised by the exhibit showing the 
range of, and methods used in the investigation 
being carried out on yarn clearing 

Finishers were given working demonstrations of the 
flash steamer now commercially available and of the 
new raising action indicator A highly important 
new programme 3s that on washing efficiency, with 
the high cost of water and the expense of effluent 
disposal becoming mereasingly serious Prelummary 
results already suggest that there will be considerable 
gains from working in this field 

Fundamental work on the mechanism of the 
burning of cellulose has started and there were 
demonstrations both of the production of mflammable 
tars as intermediate products, and also of the 
behaviow of existing flame-proofing agents The use 
of infra-red absorption analysis for identification 
of finishes and contammants was mteresting both 
fundamentally and as an aid to the technologists 

The Institute continues its fundamental mvesti- 
gation of the effect on yarn and fabric properties of 
blending natural and synthetic fibres, and a general 
display showed the extent to which 1t 1s now possible 
to forecast many of these properties from a previous 
knowledge of fibre properties 

Old and new instruments were in evidence both 
for research and control purposes As usual, there 
was a stand showing the mstruments bemg handled 





























lopmenta, Ltd., which, as a result of 
wth, now shows in its catalogue 30 instru- 
| 30 mechanical devices. 

hstruments for research purposes included a 
tomicrographie apparatus designed and made 
he Institute, and also a polarizing lustre meter 


stablishment, under the Agricultural (An 
as Talüntais) Act, 1958, of the Agricultural 
» of the Republic of Ireland, An Foras 
tais; was announced in Nature, July 4, 1959. 
e Institute now announces major developments in 
organization of the Division of Plant Sciences and 
op Husbandry. This will provide a wide coverage 
he plant sciences field, catering for research in 
thology, entomology (including nematology), 
eeding, plant protection, plant quality, weed 
and other general aspects of crop husbandry. 
Crombie, at present in charge of the Plant 
g Station of Cómhlucht Siüiere Éireann, Teo. 
ugar Company), at Thurles, Co. Tipperary, 
"appointed chief of this Division. Mr. 
ombie, a native of Offaly, gained his B.Agr.Sc. 
egree with honours at the National University of 
reland in 1934 and was awarded a postgraduate 
cholarship. In 1937 he gained his M.Se. degree for 
thesis on “The Influence of Various Factors on 
time of Ripening of Wheat Varieties”. While 
working under Prof. M. Caffrey, University College, 
Dublin, Mr. Crombie was responsible for the breeding 
f the well-known Glasnevin strains of perennial rye- 
| and eocksfoot. He had been responsible for 
ganization of seed-breeding research and 
mente with Cómhlucht Sitiere Eireann, Teo., 
iving to the industry sugar-beet seeds of top quality. 
Mr. Crombie has published papers dealing with his 
research work in a number of scientific journals. He 
s to his new post with a high reputation not 
plant breeding but also in plant science and 
op-husbandry work in general. 
By mutual agreement between the Council of An 
Foras Talüntais and the Industrial Research Com- 
mittee of the Institute for Industrial Research and 
Standards, the facilities and equipment of the Cereals 
Laboratory at the latter Institute have been made 
ble to An Foras Talüntais, This laboratory 
ote special attention to the question of baking 
in wheat in relation to soil, manurial, climatic, 
and cultural conditions, while in addition 
ng research on quality in other cereals. 
general supervision of this laboratory for An 
"Talüntais will be in the hands of the director 
Institute for Industrial Research and Standards, 
Mr. D. T. Flood. Mr. P. A. Spillane has been appointed 
‘senior research officer on the staff of An Foras 
Taluntais and will be head of the laboratory. Other 
appointments to this Unit are those of Miss H. 
eGovern as research officer and Misses K. MeGrath 
id E. Cooper as technicians. Mr. Spillane graduated 
"University College, Dublin, with honours in 
's and chemistry in 1936. He has a wide ex- 
research and general operational work in 
milling industry and is the author of a 
scientific papers dealing with this work. 
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with which it is hoped to interpret how the ey 
judges lustre. Vom 
It was encouraging that a large proportion of. 
visitors on the open days eame with. the. defin 
object in mind of seeing how the Institute's work 
made an impact on their own mill or works, 





It has been agreed in principle between the. 
of Cómhlucht Siüiere Éireann, Teo., and the | 
of An Foras Talüntais that the sugar-beet breed 
research facilities at Thurles and the Nematolo, 
Laboratory at Carlow of the Irish Sugar Compan 
will be integrated with An Foras Talüntais. "Thes 
centres have already been placed under the scientific. 
direction of An Foras Tahintais pending the conclu 
sion of arrangements by the staffs of the organiza 
tions concerned. This arrangement places at th 
disposal of the Agricultural Institute the scientifi 
staff and extensive offices, laboratory and. green 
house facilities and equipment which have. been 
developed at these centres over a number of year 
While the sugar-beet seed research programme) 
be continued and expanded at Thurles by An Fora 
Talintais on behalf of Cómhlucht Siüiere Eireann, 
Teo., this centre will also act as headquarters of the 
Division, with the resulting development of research 
services in general plant science work apart from 
those needed for sugar-beet research. E 

The nematology laboratory at Carlow which 
provides well-developed facilities for this sphere of 
research will also be used in the general research | 
programme of the Institute. Dr. J. J. Duggan has 
been appointed senior research officer in charge of 
the Nematology Unit of the Institute now located < 
at University College, Dublin. Dr. Duggan is well 
known for his research work in nematology on ‘whicl 
he has published a number of scientific papers, an 
the Unit at Carlow is now under his scientific direction 

A Plant Pathology Unit has been established. Dr 
J. B. Loughnane, Department of Plant. Pathology 
University College, Dublin, is acting as adviser fo 
this aspect of the activities of the Institute. Mi 
P. Cunningham and Mr. C. Comerford are now workin 
under Dr. Loughnane in the Plant Pathology Uni 
while Mr, T. E. Mulligan, previously on the staff 
the Rothamsted Experimental Station, joined the 
staff of the Unit on October 1. Associated Seed 
Growers, Lid., have generously offered a grant for 
the investigation of the diseases of a number of ero 
such as kale and mangels. This offer has: be 
accepted by the Council of the Institute and investig: 
tions are already under way. Sv 

Arrangements are also being completed for plac 
an Applied Plant Geneties Research Unit ab th 
Kells Ingram Farm of the University of Dublin, 
working under the general direction of Mr. GoW. P. > 
Dawson, head of the new Department of Genetics, 
Trinity College, Dublin. This Unit will deal with | > 
some of the more practical aspects of plant genetics. _ 
Mr. V. Connolly has been appointed research officer 
in this Division. Arrangements are proceeding with — 
the organization of the other departments of the . _ 
Division, and it is hoped to have a full research 
programme under way during the coming year. | |7 
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ELECTROPHORESIS OF HUMAN GASTRIC JUICE 
By Dr. RAGNHILD GULLBERG and Dr. BÖRJE OLHAGEN 


Konung Gustaf V:s Forskningsinstitut, Stockholm 60 


CCA NALYSIS of the macromolecular components 
; of gastric juice has hitherto given varying 
results not readily comparable!-*. This is in all 
likelihood due to defective control of autodigestion. 
`: The proteolytic effect of the pepsin is so rapid at the 
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Fig.1. Paper electropherogram of normal gastric juice neutralized 
in the stomach with sotium phosphate buffer to pH 7:2. Amido 
ck stain 





Fig. 2. Electropherograms. 4 and B, gastric juice neutralized in 
the stomach, stained with amido black and periodic acid-Schilf 
respectively; C, same juice aspirated after neutralization in the 
stomach and acidified with 0-1 V hydrochloric acid for 5 min. 
at 24°C. (pH 1-2); D, human serum albumin; E, crystalline 
pepsin 
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low hydrogen ion concentration generally prevailing 
in normal gastric juice that it is not sufficient to 
neutralize the juice immediately after aspiration. 
For that reason, we attempted to neutralize the gastric 
juice already in the stomach by introducing sodiu 
phosphate buffer. 3 
The gastric juice was collected as a fasting secre- 
tion or after insulin stimulation. A suction device 
prevented the admixture of saliva. Samples coni. 
taminated with blood or bile were discarded. "The. 
juice collected was cooled immediately on ice and. 
treated continuously in the cold. Visible mucus was ^ 
eliminated by centrifugation or filiration through: 
glass wool. The juice was concentrated by ultra. 
filtration through collodion membrane. Pape 
electrophoresis was performed according to Glass et. 
al; in borate buffer at a pH of 9-0. " 
Gastrie juice which had been neutralized in the 
stomach with sodium phosphate buffer of varying 
pH and ionie strength 0-2 was compared with further 
samples from the same individual, one neutralized 
immediately after aspiration and another not neutral- 
ized. In addition, juice that had been neutralize 
in the stomach was compared with portions of the | 
same sample which after neutralization had been 
acidified with 0-1 N hydrochlorie acid to varying pH 
levels at different temperatures and for varying 
periods and then again neutralized. c 
Three main components were found to stain with 
amido black in 20 human gastric juice samples. 
neutralized in the stomach (Fig. 1). The most rapidly | 


Fig. 8. 
secretion, pH 6. 
from the same individual after insulin stimulation, neutralized 
in the stomach £o pH 7-2; C, juice from the same individual, 


Electropherograms. Amido black stain. A, fasting 


The pepsin band is missing; B, gastric juice 


not neutralized, pH 1-2-—the albumin is missing ; 


D, serum 
pattern, borate buffer pH 9-0 
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dg. 4d. Eleetropherograms. Amido black stain. — 4, fasting 

E tion, not neutralized, pH 2-3; B, gastric juice from same 

vidual, neutralized in the stomaeh to pH 7:2; C, same juice 

Tal after neutralization in the stomach and acidified with 

hydrochloric acid for 2 min. at 24°C. (pH 1-2)-—dis- 

appearance of the albumin bant es serum pattern, borate buffer 
pH 9-0 


aiodigally migrating component has the same 
mobility as crystalline pepsin (Fig. 2E) and has earlier 
been shown to be a carrier of peptic activity!. It is 
"not present in gastric juice from achylia patients 
(Fig. 54) or in non-acid fasting secretion (Fig. 34) ; 
“Ht is occasionally absent in juice which has been 
neutralized in the stomach to pH 8-0, and is in any 
vent less readily stained than when the juice is 
neutralized to a pH of 7- 

‘The mobility of the oid component corresponds 
to that of pure serum albumin (Fig. 2D). This 
fraction is invariably present also in gastric juice 
from achylia patients (Fig. 5.4), while it is absent or 
found in only small amounts in acid juice not neutral- 
; in the stomach (Figs. 3C, 44) and in juice 
‘neutralized in the stomach and afterwards acidified 
< (Figs. 9C, 4C). It persists after acidification of 
achylia juice to pH 1-2. Gel diffusion analysis 
according to Ouchterlony? exhibited a heavy immuno- 
‘precipitate against anti-albumin serum. It is of 
interest that even normal human gastric juice 
contains a protein component which seems to be 
identical with serum albumin, especially in view of 
"recent studies which have shown a leakage of large 
ounts of albumin into the stomach in so-called 
diopathie hypoproteinzmia?.?. 
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Fig. 5. 
37°C. with erystaline pepsin at pH 1-2 for about 5 
C, serum pattern, borate buffer pH 9-0 


A, Achylia gastric juice; B, same juiee incubated at 


min. ; 


The third eomponent shows a high carbohydrate 
content with periodie acid-Schiff staining and may, =< 
accordingly, represent a mucoprotein complex (Fig.: 
2B). 

Acid gastric juice not neutralized in the stomach -. 
contains from 2 (Fig. 3C) to 8 components, some of 
which are strongly basic and appear on the cathodic 
side of the paper strip (Fig. 44). A similar electro- 
phoretic pattern is found in achylia gastric juice 
incubated with pepsin at a low pH (Fig. 5B). 


many fractions usually found in acid gastric juice, 


not neutralized in the stomach before aspiration, aré >> — 


npa products. 
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ECOLOGY OF ACRANIATE LARV/E 


By J. H. WICKSTEAD* 


Singapore Regional Fisheries Research Station 


ITTLE is known of the habits of acraniate larvæ ; 

; the evidence available is conflicting. Willey? 

stated that the larve of Branchiostoma lanceolatum 

(Pallas) were entirely planktonic until metamorpho- 

sis; van Wijhe? suggested that they lived chiefly 
* Present address: Tbe Laboratory, Citadel Hill, Plymouth. 


AND 


QUENTIN BONE 
The Laboratory, Citadel Hill, Plymouth 


upon the sea bottom; Webb? found that the larvae 
of B. nigeriense Webb lived part of their life upon 
the sea bottom, and part in the upper water. It is, 
therefore, not certain whether the typical acraniate 
larva spends its life on or near the sea bottom, in the 
surface layers, or a part in either sftuation. More- 


Our oo 
investigation would indicate that the majority of the |. 


e of larva in the group, eac 
| the 'amphioxides' larva, living for a long period in 


-to Branchiostoma belcheri Gray. 


i. larvæ were taken at night. 


sas darkness falls. 





over, it seems i that there may. be. two different types 
ith its own ecology : 





"the plankton and growing to a relatively large size, 
and the ‘amphioxus’ type of larva which is smaller, 
and living partially on the bottom. The 'amphi- 

.Oxides' larva appears to be characteristic of the 
Epigonichthyidae, the ‘amphioxus’, of the Branchio- 
co stomidaet. The present account records observations 
= upon four species of acraniate larva found in the 

<o Indo-Malayan plankton, which give some indication 
< of the habits of both types of larva, and which show 

- that the ‘amphioxides’ larva is also found in the 
‘Branchiostomidae. These larva were taken during a 

¿plankton survey made by the Singapore Regional 
Fisheries Research Station; they occurred at 3 
stations only (namely, Permanent Station No. 5; 
Station C3/17, and Station C6/18), 

Station No. 5. (Singapore Strait: 1° 14’ N. 
103*58'E.) At this station diurnal vertical migration 
` was investigated by taking 16 horizontal samples at 

four depths (surface, 27, 55 and 82 m.) throughout a 
year. At the last depth, the net was only 6 in. above 
the bottom. The samples were taken in full daylight, 
just before sunset, just after sunset and in darkness. 

Acraniate larva: were found regularly in these 
samples from the latter half of October up to January. 

They were at various stages in development; some 
individuals were metamorphosing. These larvae had 

10-21 gill slits and were 3-6-5-2 mm, long. A single 

: juvenile 17-5 mm. long was also found. All belonged 

Webb* has recorded 


"the adult from this area. Analysis of the samples 


c showed that, while numbers of the larve were small, 
cv fheir behaviour was consistent. Fig. 1 


illustrates the 
way in which the larvæ stay on, near, or possibly 
-within the sea-bed during the day, and move upward 
vat dusk, showing the largest concentration at the 
| Surface for a short period after sunset; afterwards 
they disperse. As a rule, the greatest numbers of 
Bedford! found larve 
in Singapore Strait at night only. 
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Fig 1. Percentage vertical distribution of Branchiostoma beleheri 
arvo 

ebb? recorded vertical movements of B. nigeriense 
æ, and demonstrated experimentally that they 
ted. to temperature and salinity variations, 
ese responses determining their position in the 
ater layers. At Station No. 5, temperature and 
‘salinity variations with depth were negligible, and 
the larve were not being stimulated to move from 
unfavourable to favourable surroundings as Webb 
found with B. nigeriense. The possibility of passive 
swirling by up-currents can be discounted. The 
conclusion is that B. belcheri larva migrate actively 
upward through the water, reaching the surface 
Twilight at Singapore is short, 
the two series of samples taken just before and 
just after sunset being only about 75 min. apart. 
From this, and the distances involved, it is estimated 
that the larva’ are capable of moving through a 


(NATURE 








December 12; 1959 VoL. 184 
vertical distance of 35 In. in approximately 90 min., SS 
equivalent to 6-6 mm.[sec. sus 

The actuating stimulus for the migration is not 
known, but in view of Chin's’ observations on larve Ue 
of B. belcheri, it would appear to be light intensity. | 

The possibility that the migration is one where the 
larva: move into areas richer in food is not suggested 
by examination of the gut contents. Of the guts 
examined, 5 (8 per cent) had no. discernible food 
present; the remainder contained food particles in 
a mucous rope. The following diatom genera were 
identified: Coscinodiscus ; Pleurosigma ; Nitsschia 
Melosira: | Achnanthus ; Navicula ; Rhizosolenia 
and (?) Cocconeis, There were also silico- flagella: 
skeletons, what are probably small echinoderm spine 
fragments, and finely divided debris, both organic and 
inorganic. Most of the diatom genera are normally 
bottom dwelling ; these formed the bulk of the food. 
No doubt frustules of the two genera Coscinodiscus |. 
and Rhizosolenia would form a natural part of the 
bottom detritus at this depth. 

It seems then that the larvie feed only when on the 
bottom ; such an intermittent pattern of feeding has: 
been inferred for larvae of B. lanceolatum?, the eyele 
taking at least 9 hr. to complete. 

A study of the water movements of the area has 
shown that the diurnal migration would have the” 
effect of distributing the species ; it was Goldschmidt* |. 
who first suggested that each species of acraniate —_ 
might possess the two types of larva known in the — 
group, and that one would be distributory and pelagic __ 
(the ‘amphioxides’ larva), the other bottom-living D 
however, the larva of B. belcheri is not of the 
'amphioxides' type. 

Another result of the vertical movement would be 
the avoidance of noeturnal bottom-feeding predators, ^ 
for example, penaeid prawns.. Mr. D. NOE. Hall 
(personal communication) informs us that these —. 
animals find their food by ‘grubbing around’ on the > 
bottom, and, although somewhat selective in their: — 
feeding habits, many are omnivorous and quite 
capable of including the larve in their diet, These 
prawns are sufficiently numerous to comb a large 
area of the sea-bed at night. No doubt other predas . 
tors behave similarly. sos 

There are other observations that acraniate larvae 
of different species rise to the surface at night. _ 
Gibson! noted that more than three-quarters: of 
his material had been taken at the surface by night... 
Recent catches of B. lanceolatum larve in the North: 
Sea have been made at night and just after sunrise 
at the surface (Cattley, J. G., personal communica. | 
tion, 1957, and Williamson, M. H., personal com- 
munication, 1959). It seems, therefore, that the 
diurnal vertical migrations of B. belcheri larva a 
Station No. 5 are possibly characteristic of acraniate 
larve in general, the behaviour patterns deseribed 
by Willey and by Webb for B. lanceolatum and: 
nigeriense being perhaps referable to the special 
environments of each of the populations studied. ^ ^. 

Station C3/17 (Malacca Strait: 7? 12' N, 97° 18^ 
E.) A single sample was collected at this station 
between 2100 and 2115 hr. (sunset about 1845 hr.) at 
a depth of 1-5 m. Total depth was 1,005 m..(550 
fathoms), the station being about 50 miles outside the 
100-fathom line. Larva of two species were found ; 
the majority belonged to Branchiostoma malayana 
Webb, but there were also a few of an 'amphioxides' 
type. The guts of tho B. malayana larva were- 
generally almost empty, but some larve had caught 
relatively large frustules of Rhizosolenia: sp., which 
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lay along the peripharyngeal bands and at the top 
of the branchial chamber More common were chain 
diatoms (probably Bellerochea sp ), which were some- 
times longer than half the entire branchial chamber 
One gut contamed part of a single small crustacean 
limb appendage and a doubtful small crustacean 
antenna, these were not lying along the top of the 
branchial chamber Both forms of diatoms are 
normally pelagic, suggesting that these larve had 
been feeding m mid-water, and in any event, the 
depth of water over which the larvæ were caught does 
not suggest that they can have been feeding near the 
bottom From the position of the station, the depth 
of water and the gut contents of the larva, 1b appears 
that the ‘amphioxus’ type of larva of B malayana 
1s truly pelagic, and that 16 does not spend the daylight 
hours upon the bottom as does the larva of B 
belchen No metamorphosmg individuals were found , 
the larve had 12-18 gill shts Only two adults of 
this species are known, both collected by one of us 
from the inter-tidal zone of south-east Singapore® 
The amphioxides larve collected at this station 
belong to the Branchiostomidae, formmg the second 
record of this type of larva from the family (Fuller™) 
They are of a different species from that discussed by 
Fuller, and will be described masubsequent publication 
Staton  C6/]18 (800 miles ENE Singapore 
6° 18’ 25” N, 115° 36’ 50” E) Only 3 acraniates 
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were collected from this station, one a post-meta- 
morphie B belcheiz, the others amphioxides larvæ, 
probably belongmg to Amphwoardes pelagicus (Gun- 
ther), an entirely pelagic form and almost certamly 
the larva of Asymmetron lucayanum Andrews 

Goldschmidt" stated that doubt remained because 
the form of the tail fin m his specimens of A pelagus 
differed from that of the Asymmetron adults, it 18 
mzeresting that the present larve show a tail fin 
more simular to the adult than did Goldsehmudt's 
specimens 

Station 06/18 was situated near a steeply shelving 
bottom in a depth of 64 m , so that 16 18 not swprismg 
that both pelagic and diurnally bottom-dwelling 
larve were found togethe: 
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ENZYMIC ACTIVITIES OF HUMAN SKELETAL MUSCLE 
MITOCHONDRIA: A TOOL IN CLINICAL METABOLIC RESEARCH 


By Dr.L ERNSTER, Dr. D IKKOS and Dr R LUFT 


Wenner-Gren Institute, University of Stockholm, and Department of Endocrinology and Metabolism, 
Karolinska Sjukhuset, Stockholm 


ITOCHONDRIA are the well-established site 
of cellular respiration and of those enzymie 
processes by which the energy lberated ın termmal 
electron transport 1s conserved in the form of high- 
energy phosphate, notably adenosine triphosphate 
In intact mitochondria, respiration and the accom- 
panymg phosphorylation are coupled together m an 
obligatory manner, and this coupling ıs generally 
considered to constitute the level at which the meta- 
bolic rate of the animal organism as a whole 1s regu- 
lated In spite of the vast amount of experimental 
work with isolated mitochondria which underlies 
these concepts, relatively few studies are so far 
available on mitochondria from skeletal muscle, the 
largest tissue of the vertebrate body, and none, to 
our knowledge, on skeletal muscle mitochondria from 
human bemgs  Considermg the relative simplicity 
with which specrmens of human skeletal muscle can 
be obtamed by biopsy, such studies were felt to be 
of some mterest, with potentialities of providing 
information of both biochemical and elmical signific- 
ance 
In the present work, some enzymic properties of 
normal human skeletal muscle mitochondria were 
investigated and compared with those of mitochondria 
from a choice of patients with elevated basal metabolic 
rates The following well-known characteristic 
properties of intact vertebrate mitochondria were 
considered their capacity to catalyse the aerobic 
oxidation of various Krebs cycle metabolites and 


glutamate! , to carry out oxidative phosphorylation! , 
to adjust their respiratory rate to the availability of 
a terminal phosphate acceptor’, that is, to display 
so-called respiratory jcontrol, and to exhibit adenos- 
ine triphosphatase activity mduced by 2,4-dinitio- 
phenol! 

For the present study, three cases of hypermeta- 
bolism were selected (1) a case of classical thyro- 
toxicosis of moderate degree (basal metabolic rate -+ 
50 per cent), (2) a patient with so-called thyro- 
tox:cosis factitia, that 1s, a subject deliberately 
consuming large doses of thyroid hormone (basal 
metabolic rate + 50-80 per cent), and (3) a patient 
with an extremely high basal metabolic rate (basal 
metabohe rate + 150--++ 170 per cent) of unknown 
origin, with no demonstrable thyroid disorder, a 
detailed description of this unique case will be pub- 
lished. elsewhere 

Specimens of skeletal muscle from subjects with no 
evidence of metabolic disorder (‘normal’ subjects) 
were obtamed m connexion with surgical mterven- 
tions, and from the patients with hypermetabolism 
by biopsy In case 3, two biopsies were made, with 
an mterval of sixteen days The form of anesthesia, 
general or local, was shown to be of no significance 
for the mitochondrial properties studied here. 

The mitochondria were isolated according to the 
well-documented procedure of Chappell and Perry‘, 
using a homogenizing medium contammg 01 M 
potassium chloride, 0 05 JM tres-(hydroxymethyl)- 
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Respiration Phosphorylation Adenosine triphosphatase activity 
Case pvatoms oxygen/20 nun /gm muscle pmol pmol phòsphate/20 min/gm musele 
Muscle Without i With Stimulation by phosphate Without ith Stimulation by 
hexokinase- hexokinase- hexokinase- per 2,4-dinitio- 2,4- Mitros 2,4-dimtro- 
glucose glucose glucose (times) | uatoms oxygen phenol phenol phenol (times) 
Normal subjects 
1 Sartorius 21 88 42 29 120 57 
2 " 24 99 41 27 
3 Peet major 03 49 lo 8 24 46 16 8 37 
4 s 03 36 120 30 44 18 0 41 
5 $ 20 91 46 20 
6 | Ext obl abd 07 62 90 29 40 10 9 27 
7 15 16 66 41 206 
8 10 41 41 
Hypermetabolie 
subjects 
1 Sartorius 28 68 24 29 40 13 5 34 
2 m: 20 37 14 19 66 90 14 
3a si 73 89 12 26 97 112 11 
3b is 31 48 156 17 112 177 16 














For experimental conditions and description of hy permetabohe cases 


ammomethane buffer, pil 74, 0001 M sodium 
adenosine triphosphate, 0 005 M magnesium sulphate 
and 0 001 M ethylenediamimetetraacetate — ('tres- 
potassium chloride medium’) The conventional 
sucrose-procedure proved to be unsuitable because of 
gel-formation durmg homogenization The excised 
muscle-specimens were quickly immersed in 1ce-chilled 
tris-potassium chloride medium, cut into small 
pieces and homogemzed in 3-4 volumes of trs- 
potassium chloride medium by means of an all-glass 
Potter-Elvehjem homogenizer All operations were 
performed at 0-2? C The homogenate was diluted 
with ir«s-potassium chloride medium to contain 1 gm 
muscle per 10 ml, and centrifuged in a Model L 
Spinco ultracentrifuge, rotor 30, with 2,500 rpm 
for 5 min to remove nuclei and myofibrils The 
supernatant was decanted and recentrifuged in the 
same rotor with 10,000 rpm for 10 mm The 
resulting sediment, representing the mitochondrial 
fraction, was resuspended in £r:-potassrum chloride 
medium and recentrifuged as above The washing 
medium was discarded, and the surface of the taghtly 
packed pellet was rmsed several times with 0 25 M 
sucrose in order to remove the last drops of tris- 
potassium chloride medium The pellet was finally 
suspended in 0 25 M sucrose to contam mitochondria 
from 1 gram muscle per ml of suspension 
Respiration was measured by the conventional 
Warburg method, with ar as the gas-phase, and 
with 0 2 ml 2 M potassium hydroxide in the centre 
wells Each manometer-vessel contamed mito- 
chondria from 1 gram muscle, 10 pmol substrate 
(potassium salt), 60 umol potassium phosphate 
(pH 75), 3 umol disodium adenosme triphos- 
phate, 8 umol magnesium chloride, 250 umol 
sucrose, and where indicated, 50 pmol glucose and an 
excess of yeast hexokinase, 1n a final volume of 2 ml 
The temperature was 30° C and the vessels were 
thermo-equilibrated for 5 mm Phosphate uptake 
was estimated by the isotope distribution method 
described by Lindberg and Ernster* The phosphate/ 
oxygen ratio was calculated by dividing the phosphate 
uptake in pmol durmg 25 min by the 20-mmn 
oxygen-consumption value ın mieroatoms, corrected 
by extrapolation for the 5-min period of thermo- 
equilibration The test-system for adenosine triphos- 
phatase contamed mutochondrna from 200 mgm 
muscle, 10 umol disodium adenosine triphosphate, 
10 umol. tr:s-(hydroxymethyl) aminomethane buffer 
(pH. 7 5), 90 umol potassium chloride, and 250 umol 
sucrose, m à final volume of 2 ml | 2,4-Dinitrophenol 


,Seetext a and b refer to two different biopsies made on the same case 


was present, when indicated, in a final concentration 
of 01 mM The samples were incubated m open 
tubes with gentle shaking at 30°C for 20mm After 
fixation with perchloric acid, morganie phosphate 
was estimated by the modified Martin and Doty 
method 

Fig 1 compares the respiration obtamed with 
various substrates in skeletal muscle mitochondria 
from a normal and a hypermetabohe (case 3, first 
biopsy) subject Both preparations catalysed the 
oxidation of various Krebs cycle metabolites and of 
glutamate according to similar patterns Although 
the absolute rates of respiration varied to some extent 
from one preparation to another (Table 1), the relative 
rates obtained with the various substrates were fairly 
consistent and mdependent of the species of skeletal 
muscle used, moreover, & similar picture was also 
found with skeletal muscle mitochondria from rat 
Pyruvate (in the presence of malate) and a-keto- 
glutarate were oxidized at relatively high rates, 
whereas other Krebs cycle metabolites, meluding 
pyruvate or malate alone, were oxidized only slowly , 
the rate of oxidation of glutamate varied between 
hugh and medium-high from one preparation to 
another Of some interest may be the relatively slow 
rate at which succmate was oxidized This finding 
was m sharp contrast to the case found with mito- 
chondria from other vertebrate tissues, mcluding 
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Fig 1 Respiration of skeletal muscle mitochondria in the 

presence of various substrates Muscle specimens (in reference 

to Table 1) normal subject, case 3, hypermetabolic subject, 

ease 8a For experimental conditions, ‘gee text Hexokinase and 
glucose were added to ‘all samples 
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Fig 2 Respiratory control, phosphorylative efficiency and adeno- 

aime triphosphatase activity of preparations of human skeletal 

muscle mitochondria Muscle specimens (1n reference to Table 1) 

normal subject, case 1, hypermetabolic subject, ease 3b For 

experimental conditions, see text Substrate pyruvate + 

malate Hexokinase and glucose were added to samples marked 
‘+ P-aeceptor' DNP -2,4-dinitrophenol 


heart muscle sareosomes Glycerol-l-phosphate, 
which 18 oxidized at an extremely high rate in insect 
fight muscle mitochondria’, was oxidized only very 
slowly, if at all, m the present preparations In 
general, the data presently available give the impres- 
sion that, in the case of vertebrate skeletal muscle 
mitochondria, the two «-keto acids are the only 
Krebs cycle metabolites with a free access to the 
mitochondrial enzymic sites In none of these 
respects were there any differences between the mito- 
chondria from the normal and hypermetabolic 
groups. Furthermore, addition of diphosphopyridine 
nucleotide resulted m no mcrease in the respiration 
(with pyruvate + malate as substrate), mdicating 
thet the mitochondria from both the normal and 
hypermetabolic subjects had an adequate comple- 
ment of bound diphosphopyridine nucleotide 

The capacity to respiratory control was tested 
according to Lardy and Wellman’, by measuring the 
inerease m respiratory rate occurring upon the addı- 
tion of an excess of yeast hexokinase and glucose in 
the presence of a catalytic amount of adenosine 
triphosphate Glucose serves in this system as a 
terminal phosphate acceptor, removing, by way of 
the hexokinase-reaction, the adenosine triphosphate 
formed during respiration, and thus contmuously 
regenerating adenosme diphosphate In carefully 
prepared mitochondria from most vertebrate tissues, 
respiration 1s tightly coupled to phosphorylation, 
and therefore, a continuous supply of adenosme 
diphosphate is necessary to mamtam a maximum 
level of respiration As seen imn Fig 2, the skeletal 
muscle mitochondria from a normal and a hyper- 
metabolic (case 3, second biopsy) subject revealed a 
marked difference ın this respect In the normal 
case, the respiration obtained in the absence of a 
terminal phosphate acceptor was relatively low and 
was increased to a considerable extent—by more than 
300 per cent—by the addition of hexokmase and 
glucose The hypermetabolic mitochondria, on the 
other hand, exhibited a nearly maximal rate of 
respiration even in the absence of a terminal phos- 
phate acceptor, and hexokinase and glucose stimu- 
lated ıt only by about 20 percent By sharp contrast, 
both mitochondrial preparations revealed normal 
phosphorylative efficiencies, the phosphate/oxygen 
ratios m the presence of hexokinase and glucose being 
2 9 m the normal and 2 6 in the hypermetabolic case, 
as compared with the theoretical maximum of 3 
This, ıt appears that while both preparations were 
capable of coupling respiration to phosphorylation 
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to a normal extent, this couphng was markedly 
looser in the hypermetabohe than m the normal 
mitochondria. 

Another means of demonstrating this difference 
between the two preparations with respect to the 
tightness of the coupling of respiration to phosphoryl- 
ation has been to mvestigate them adenosme triphos- 
phatase activities in the absence and presence of 
2,4-dinitrophenol. It ıs a well-established fact that 
carefully prepared mitochondria exhibit a very low 
adenosme triphosphatase activity and that this 
activity can be greatly stimulated by a concentration 
of dimutrophenol that uncouples phosphorylation 
from respiration? As shown in Fig 2, the muto- 
chondnia from the normal-metabolic subject followed 
this pattern m exhibiting a relatively low endogenous 
adenosine triphosphatase activity, which could be 
stimulated 5 7-fold by 0 1 mM dinitrophenol, this 
value is m good agreement with that reported by 
Chappell and Perry? for pigeon breast muscle mito- 
chondria The mitochondria from the hypermeta- 
bolic subject, on the other hand, exhibited a relatively 
high endogenous adenosme triphosphatase activity, 
and the stimulatory effect of dinitrophenol was only 
l l-fold It ıs noteworthy that the endogenous 
adenosine triphosphatase of the hypermetabolic 
subjeet's mitochondria did not require magnesium 
ions as an activator, in contrast to the adenosme 
triphosphatase that can be elicited ın isolated normal 
mitochondria by exposure to conditions which 
cause structural alteration, for example, agemg? 
That the activity of adenosine triphosphatase was 
truly endogenous and not due to contammating 
myosin could be ascertamed by showing that ib was 
greatly mhibited, to the extent of 85 per cent, by 
35 mM atebrm As recently shown by Low’, this 
compound, ın the concentration mentioned, almost 
completely inhibits the endogenous mitochondrial 
adenosine triphosphatase but leaves myosin-adenos- 
ine triphosphatase unaffected 

In Table 1, cumulative data are shown regardmg 
respiratory rate, phosphate/oxygen ratio, respiratory 
control, and dinitrophenol-stimulability of adenosme 
triphosphatase, from a number of normal cases and 
the three hypermetabolic cases previously deseribed 
Pyruvate +- malate was used as substrate throughout 
these experiments The two groups differed con- 
sistently with respect to the extents of respiratory 
control, the stimulation of respiration by hexokmase 
and glucose varying between 4 1- and 16 3-fold m the 
normal, and between 1 2- and 2 4-fold m the hyper- 
metabolic group Significant, though less marked, 
was the difference im the dimitrophenol-stimulation 
of the adenosine triphosphatase, which was 2 7- to 
5 7-fold in the normal group and 1 1- to 3 4-fold in 
the hypermetabohe group The phosphate/oxygen 
ratios were, as an average, somewhat lower in the 
hypermetabohe than ın the normal cases, but, as 
cases 1 and 3a show, virtually normal phosphate/ 
oxygen ratios could definitely be obtamed in mito- 
chondria with a markedly low respiratory control 
Finally, the respiratory rates per gram muscle varied 
somewhat from one experiment to another, and so 
did also the maximum (dinitrophenol-stimulated) 
rates of the adenosine triphosphatase reaction The 
reasons for these vamations, which were equally 
present in the normal and hypermetabolic cases, are 
being investigated 

The concept that the mitochondrial respiratory 
control may constitute the biochemical basis of 
thyroid hormone action was first formulated by 
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Lardy* This effect has often been interpreted 
as a secondary consequence of a lowered phos- 
phorylative efficiency®, a deficient complement 
of bound mitochondrial co-factors, notably diphos- 
phopyridine nucleotide”, or a swollen mitochondrial 
Structure Yet, Lipmann e£ al}? were able to 
demonstrate a normal phosphorylation and no 
deficiency of diphosphopyridine nucleotide when liver 
mitochondria from thyrotoxic animals were incubated 
under appropriate conditions 

The present results support the concept that a 
deficient control of respiration by available phosphate 
acceptors, paralleled by an mereased endogenous 
adenosine triphosphatase activity, constitutes the 
primary manifestation of the hypermetabolhe state 
at the mitochondrial level The data seem clearly to 
eliminate the possibility of these changes being 
secondary to other alterations of the mitochondrial 
enzyme organization of the types mentioned above, 
at least as far as a lowered phosphorylative efficiency 
and a deficient complement of bound co-factors, 
such as diphosphopyridine nucleotide and mag- 
nesium, are concerned Furthermore, according to 
prehminary data, these mutochondria reveal no 
imereased tendency to swelhng, the fine structure of 
the mitochondria m sutu is bemg investigated by 
electron microscopy Finally, the results also seem 
to indicate that this alteration of the mitochondrial 
function may be present regardless the etiology of the 
hypermetabolism, and that, as case 3 mdicates, a 
thyroid disorder is no prerequisite of the muto- 
chondrial dysfunction described in the present work 

Recently, Remmert and Lehninger? reported the 
isolation from mechanically disrupted mitochondria 
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of a protein factor which, when added to phosphoryl- 
ating mitochondrial fragments abolished the respira- 
tory control without appreciably affecting the 
phosphate/oxygen ratio The release of this factor 
from the mitochondria may, according to these 
authors, be subject to physiological or endocrime 
control, determining the state of respiratory control 
in the cell The possible involvement of Remmert 
and Lehnmger's factor m the present connexions 18 
being investigated 
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SEROLOGICAL DISTINCTION OF ADULT AND FETAL 
HUMAN H/EMOGLOBIN 


By G. R E. NAYLOR and Mns, M E. ADAIR 


Department of Pathology and Physiological Laboratory, Cambridge 


HE interpretation of serological studies of hæmo- 
globm ıs difficult because a preparation of 
hemoglobin may contain two or more distinct 
hemoglobins as well as other soluble antigenic con- 
stituents of the red cell Markowitz, Cartwright and 
Wintrobe! have mvestigated quantitatively antisera 
prepared against erythrocuprem Among the anti- 
hemoglobin sera used ın the present work several 
contained anti-carbonic anhydrase Boivin and 
Hartmann? found several antigens in the hemoglobm 
solutions used in ther serological studies, they 
obtamed evidence that two of the antigens m normal 
adult red cells were hsemoglobms Ruggier and 
Marchi’ have also presented serological evidence of 
two hemoglobms in preparations from adult red 
cells and considered one of them to be fetal hemo- 
globin 
In the present work, serological differences between 
hemoglobm from adult human blood and from 
umbilical-cord blood have been demonstrated by 
Oakley and Fulthorpe’s agar diffusion technique 
Antisera were obtained from rabbits which received 
intravenous injections of adult human hemoglobin 
without adjuvant The antiserum used for the 


experiments shown in Figs 1 and 2 and Table 1 gave 
a red precipitate contaming 5 08 mgm protem which 
ineluded 0 47 mgm hemoglobin when 1 ml. anti- 
serum was mixed with homologous antigen in slight 
antiserum excess of the optimal proportions® 

In agar diffusion experiments, antiserum was mixed 
with an equal volume of 2 per cent agar at 50°C , 
the mixture waa put m a tube of 6 5 mm calibre to 
make a column 18 mm long and allowed to solidify 
l per cent agar was added to make a column 17 mm 
long and, after this had sohdified, 0 3 ml of 0 16 per 
cent hemoglobm was added Agar and antigens 


Table 1 











Distance in mm | Optimal proportions titrations 
between lower 
Hemoglobin} boundaries of Optimal Flocculation time 
| antigen two precipitation | ratio with | of optimal mixture 
number bands in agar 1 per cent with antiserum 
after 11 days antigen diluted 1 1n 25 
Adult 1 — 1 15 4mun 45 sec 
Cord blood 2 37 1 22 17 min 30 sec 
Cord blood 3 29 1 23 13 min 30 sec 
Cord blood 4 20 1 21 | 12 min 30 sec 
Cord blood 5 12 1 19 | 8 min 15 sec 
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were dissolved in 0 85 per cent sodium chloride, 1 
in 10,000 merthiolate was present ın each reagent 
and the pH. of the antigens and of the 1 per cent 
agar was adjusted to about 7 8 by addition of sodium 
bicarbonate 

Jig 1 shows the reaction observed after eleven 
days at room temperature In each tube antigen 
and antibody have diffused into the middle layer, 
which consists of agar only, and a band (really a 
disk) or bands of precipitate have formed in this 
layer Antigen 1, which was hemoglobm prepared 
from adult human blood, showed one band of red 
precipitate Antigens 2, 3, 4 and 5 were hemoglobm 
obtamed from the umbulical-cord blood of four 
mdividual babies, all showed two bands of red 
precipitate after two days The number of bands of 
precipitate formed im. agar diffusion experiments 1s an 
indication of the least number of antigens concerned 
m the reaction The distance between the lower 
boundaries of the two bands shown by cord-blood 
hemoglobin differed with different samples of cord 
blood (see Fig 1 and Table 1) Antigen 2 was pre- 
pared from the cord blood of a premature baby (35 
weeks gestation), antigens 3, 4 and 5 were prepared 
from the cord bloods of babies which were believed 
to be born at term Antigen 2 contained 87 per cent 
of foetal (alkah-resistant) hemoglobin estimated by 
the method of Jonxis*, antigen 3 contamed 83 per 
cent of foetal hemoglobin Antigens 4 and 5 had 
been prepared as earboxyhumoglobm and Jonxis’s 
method could not be used 

Fig 2 shows the flocculation times? observed m 
constant antiserum titrations when serial dilutions of 
the antigens reacted with the antiserum diluted 1 m 
25 In contrast with the agar diffusion experiments, 
none of the titrations disclosed two distinct zones of 
reaction, but the shapes of the curves, particularly 
those for antigens 2, 3 and 4, suggest that more than 
one antigen-antibody system was involved The 
optimal ratios’ of the antiserum determined in the 
titrations with the five antigens are recorded m 
Table 1 together with the flocculation times of the 
»ptimal mixtures, that is, the first mixture m each 
atration to show visible particles of precipitate 
With the hemoglobin from the four cord bloods there 
s a correlation between the flocculation time of the 
»ptumal mixture and the distance between the lower 
»oundaries of the two red bands observed in the agar 
iffusion experiments shown m Fig 1 
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Precipitates formed ın agar when an anti-adult-hamo- 
globin serum reacts with adult hæmoglobin (antigen 1) and with 
hemoglobin obtamed from the umbileal-eord blood of four 
individual babies (antigens 2 to 5) 
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Fig 2 Constant antiserum titrations of an anti-adult-hamoglobin 

serum with adult hæmoglobin (A , antigen 1) and with hemoglobin 

obtained from the umbilical-cotd blood of four indtvidual babies 

(e, antigen 2, ©, antigen 3, W, antigen 4, ©], antigen 5) 
Antiserum diluted 1 1n 25 


A red precipitate contaming 2 88 mgm protein 
was obtamed when 1 ml of the antiserum was mixed 
with antigen 2 (cord-blood hæmoglobin) m slight 
antiserum excess of the optimal proportions When 
the antiserum was absorbed with an amount of anta- 
gen 2 which was approximately three times that m 
the optimal mixture, a bulky, bright red precipitate 
formed After eentrifugmg, the two bands of oxy- 
hemoglobin could be easily seen ım the supernatant 
antiserum with a direct-vision spectroscope the 
presence of excess antigen was thereby demonstrated 
Addition of adult hemoglobm to this supernatant 
antiserum gave a red precipitate which contamed 
117 mgm protem per ml antiserum Such dis- 
tmetion of adult and cord-blood hemoglobin by 
absorption was not possible with all of twenty anti- 
sera examined, which showed considerable differences 
in the strength of their reactions with adult hemo- 
globin after they had been absorbed m antigen excess 
with cord-blood hemoglobin Some absorbed antisera 
failed to give a rmg test with adult hemoglobin 
during 2 hr observation, some reacted feebly and 
some yielded sufficient precipitate for quantitative 
determinations All these twenty antisera reacted 
rapidly with adult hemoglobin before absorption 

Aksoy® has cited experiments which show a lack 
of uniformity in the reactions of anti-cord-blood 
hemoglobm sera absorbed with adult hemoglobin 
In studies on the reactions of adult and of fostal 
hemoglobm with anti-adult-hemoglobin sera pre- 
pared in chickens, Goodman and Campbell! found 
that individual antisera gave different values for the 
ratio between the maximum amounts of antibody 
precipitated by the two antigens In the present 
work similar results were obtained with antisera 
prepared in rabbits 
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FORTHCOMING EVENTS 


(Meeting marked unth an asterisk * 18 open to the publ) 


Tuesday, December 29 


RADAR AND ELECTRONICOS ASSOCIATION (at the Royal Society of 
Arts, John Adam Street, Adelphi, London, WC 2), at 730 pm — 
Dr K R Sturley “High Quahty Sound Broadcasting” * 


Wednesday, December 30 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
W O02), at 230 pm—Dr J D Carthy "Animal Senses and Re- 
Fer Ud (First of two Juvenile Lectures Further lecture on Janu- 
ary 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
WOC2),at8 pm —Mr G G Gounet “Colour Television” (Christ- 
mas Holiday Lecture To be repeated on Thursday, December 31) 


Friday, January | 


PLASTICS INSTITUTE (in the Lecture Theatre of the Institution of 
Electrical Engineers, Savoy Place, London, WC 2), at 230 pm — 
n x ? de Bruyne "Sticky Plastics" (Sixth Lecture for Young 

eople 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appointments on or 
before the dates mentioned 

LECTURER or ASSISTANT LEOTURER IN GEOGRAPHY at Makerere 
College (The University College of Bast Africa)—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W C 1 (December 30) 

GRADUATE ASSISTANT (with appropriate professional qualifications 
and/or experience) IN THE COLLEGE LIBRARY—The Principal, Royal 
Holowav College (University of London), Englefleld Green, Surrey 
(December 31) 

RESEARCH FELLOW (with a good degree m electrical engineering, 
phvsics or chemistry, and some research experience of vacuum svstems) 
IN THE DEPARTMENT OF ELECTRICAL ENGINEERING—The Registrar, 
Queen Mary College (University of London), Mile End Road, London, 
X1 (December 31) 

PROFESSOR OF APPLIED MATHEMATIOS—The Secretary and Regis- 
trar, University College of North Wales, Bangor, North Wales (Janu- 
ary 

LECTURER (with a good honours degree ın miming engineering and 
practical experience in mine surveying) IN MINING ENGINEERING 
De per SURVEYING—The Registrar, The University, Nottingham 

anuary 9) 

LECTURERS (with a special interest in servomechanisms, measure- 
ments, high voltage or network theory) IN ELECTRICAL ENGINEERING 
~The Registrar, Manchester College of Science and Technology, 
Manchester 1 (January 9) 

LECTURER or ASSISTANT LECTURER IN CHEMISTRY at the University 
of Malaya (Singapore Division)—-The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
W C1 (January 15) 

CHAIR OF CHEMISTRY—The Registrar, University College of Wales, 
Aberystwyth (January 16) 

VISITING PROFESSOR IN OCEANOGRAPHY at the University of Cape 
Town, South Africa—The Secretary, Association of Universities of 
the Bntish Commonwealth, 36 Gordon Square, London, W C 1 (South 
Africa, January 31) 

HEAD (with high academic qualifications 1n a branch of soil science 
or agronomv and considerable research experience and administrative 
abthty) OF THE SOILS DIVISION, Rubber Research Institute of Malaya, 
Kuala Lumpur, for duties which will embrace the preparation, direction 
and development of a research programme in soil science nutrition 
of the rubber tree (Hevea brasivensis) and general assistance in the 
advisory work of the Soils Division of the Institute—The Secretary, 
London Advisory Committee for Rubber Research (Ceylon and Malaya), 
commonwealth Institute, Imperial Institute Road, London, 8 W 7 

arc! 

ASSISTANT (preferably with some knowledge of horticulture and 
experience in proof correcting and imdexing) TO THE EDITOR--The 
Secretary, The Royal Horticultural Society, Vincent Square, London, 
S W1, marking envelope “Confidential” 

ASSISTANT TRIALS OFFICER (preferably with practical experience m 
crop production), to work at Leeds University Farm, Headley Hall, 
Yorks—The Secretary, National Institute of Agricultural Botany, 
Huntingdon Road, Cambridge 

CHEMISTRY MASTER (good sixth form work available for a man of 
the right qualifications)—The Headmaster, The School, Oundle, 
Peterborough 

CYTOLOGIST or CYTOGENETICIST (with experience of chromosomal 
work) to work on human chromosomal anomalies—The Director of the 
Medical Research Unit, National Spastics Society, Department of 
Chid Health, Guy's Hospital, London Bridge, London, 3 E 1 

EDITOR AND TECHNICAL OFFICER (with experience 1n editorial work, 
& sound knowledge of chemistry, and preferably familiarity with one 
or more foreizn languages) to the Society of Dyers and Colourists 
~The Secretary, The Society of Dyers and Colourists, Dean House, 
19 Piccadilly, Bradford, Yorkshire 

LECTURER, ASSISTANT PROFESSOR, and an ASSOCIATE PROFESSOR 
IN TRE DEPARTMENT OF MATHEMATICS—Prof E S Keeping, Mathe- 
matics Department, University of Alberta, Edmonton, Canada 

LECTURER (with a good honours degree with teaching and industrial 
or research experience) IN MATHEMATICS-—The Clerk to the Governors, 
South-East Essex Technical College and School of Art, Longbridge 
Road, Dagenham, Essex, 


. 
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ORGANIC CHEMIST, to participate m a biochemical research pro- 
gramme—Dr Sadler, Courtauld Institute of Biochemistry, Middlesex 
Hospital Medical School, London, W 1 

READER or CONSULTANT IN NUCLEAR Puysics—The Principal, 
Bradford Institute of Technology, Bradford 

Puvsrom (Senior Grade) (with previous experience in hospital 
physics), to work under the direction of the Principal Physicist in 
the Radiotherapy Department—-The Superintendent, Guy's Hospital, 
London Bridge, London, SE 1 


REPORTS and other PUBLICATIONS 


(not included «n. the monthly Books Supplement) 
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Great Britain and Ireland 


British Chemicals and Their Manufacture ‘The Directory of the 
Association of British Chemical Manufacturers (Incorporated) Pp 
Tuis (London Association of British Chemical iip ST 

Ion Exchange Resins Fourth edition Pp iv+67 (Poole British 
Drug Houses, Ltd , 1959 ) 3010 

Glasshouse Crops Research Institute Annual Report, 1958 Pp 
94--4 plates (Rustiıington, Littlehampton Glasshouse Crops Research 
Institute, 1959 ) [8010+ 

Biology Stainmg Schedules for First Year Students By R R 
Fowell Sth edition Pp 31 (London H K Lewis and Co , Ltd, 
1950) 3s net [3010 

Bulletin of the British Museum (Natural History) Entomology 
Vol 8, No 6 Delphacidae from the Lesser Antilles (Homoptera 
Fulgoroidea) By R G Fennah Pp 243-265 7s Zoology Vol 6 
No1 Taxonomy of the Genus Columba By D Goodwin Pp 1-28 
98 (London British Museum (Natural History), 1959 ) [3010 

Rhodes—Livingstone Institute Papers, No 29 A Preliminary 
Survey of Luvale Rural Economy By C M N White Pp au+58 
(Manchester The University Press, New York Humanities Press 
Inc ,1959 Published on behalf of the Rhodes-Livingstone Institute 
8s 6d net [3010 

Royal Botanic Gardens, Kew Kew Bulelin, General Index to the 
volumes for the years 1929-1956 Pp i1i4800 (London HM 
Stationery Office, 1050 ) 30s net T801C 

Ciba (ARL), Ltd Technical Notes, No 202 (October 1959) 
Hyperbolic Paraboloid Roofs in Industrial Buildings and Schools 
Pp 10 (Duxford Ciba (A RL), Ltd , 1959 ) [3010 

Research Defence Society Conquest Pamphlet No 9 The Trutl 
About Viviseetion Outstanding Questions posed and answered b* 
the Research Defence Society Pp 10 (London Research Defenc 
Society, 1959) 6d [801C 


Other Countries 


FAO/OIE Animal Health Yearbook, 1950 Pp 20-+v:i (Rome 
Food and Agriculture Organization of the United Nations, 1959 ) [2216 

Tanganyika Department of Geological Survey Quarter Degre 
Sheet 12 SW Oldoinyu Ogol (Serengeti Plaun—Esst) | Quarte 
Degree Sheet 71 S W Chimala (Dodoma Department of Geologica 
Survey, 1958 ) [221 

United States Department of the Tnterior Geological Survey 
Bulletin 1052-I Electrical Properties of Sandstones of the Morriso 
Formation By George V Keller Pp 11-+3807-344-+ plates 12 and 13 
55 cents Bulletin 1060-D — Geology and Construction-Materio 
Resources of Nemaha County, Kansas By Melville R Mudge, Charle 
P Walters and Ralph E Skoog Pp v-+i79-256+plates 6 and 7 
1dollar Bulletin 1074-C Stratigraphy of the Area between Hernand: 
and Hardee Counties, Florida By Keith B Ketner and Lawrence J 
MeGreevy Pp 1v+49-124+plates 8-5 75 cents Bulletin 1083-A 
Periodic Heat Flow in a Stratified Medium, with Appheation t 
Permafrost Problems By Arthur H Lachenbruch Pp 1v+36+ 
plates 75 cents Bulletin 1083-B Directional Resistivity Measure 
ments in Exploration for Uranium Deposits on the Colorado Platear 
By George V Keller Pp iv+37-72 20 cents Bulletin 1088-C 
Dissipation of the Temperature Effect of Drilling a Well in Arct 
Alaska By Arthur H Lachenbruch and Max © Brewer Pp v-+73 
109 20 cents Bulletin 1084-C Selenium Content of Some Volcan} 
Rocks from Western United States and Hawanan Islands By D F 
Davidson and H A Powers Pp 11+69-81 15 cents  Dulleti 
1084-E Distribution of Chemical Elements in the Salt Wash Membe 
of the Morrison Formation, Jo Dandy Area, Montrose County, Co 
orado By Wilham L Newman and Donald P Elston Pp iv- 
117-150 20 cents Bulletin 1106-B Geophysical Abstracts No 175 
April-June, 1959 By Dorothy B Vitahano, S T Vesselowsky an 
others Pp iu--129-259 35 cents (Washington, DO  Goverr 
ment Printing Office, 1959 ) (801 
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SCIENTIFIC RESEARCH IN GREAT BRITAIN 


HE tenth annual report of the Advisory Council 
on Scientific Policy*, covermg the year 1958-59, 

deals with three main topics scientific man-power, 
space research and overseas scientific relations Of 
the first, ıt may be said that the Advisory Council 
comments briefly on the results of a further survey 
of scientific and engineering man-power made last 
winter by the Mimustry of Labour and National Service 
along the same lines as that conducted in 1956 The 
Council agrees with the Seientific Man-power Com- 
muttee that the experience of three years 1s an insuf- 
ficient basis for a detailed re-assessment of the long- 
term demand, but its general comments are more con- 
veniently discussed ın considermg this second report 
on Scientific and Engmeermg Man-power m Great 
Britain ttself, which has been published separately 

Besides these surveys, the mam report refers 
briefly to the development of the National Lending 
Library of Science and Technology, which is now 
‘expected to be in full operation by 1962, and to the 
mquiries made during the year into research contracts 
of United States Agencies with British universities 
and institutions m an endeavour to assess the total 
amount of such financial support and the principles 
on which i5 18 given On the former matter, ib 1s 
startling to read that the Advisory Council believes 
that its responsibilities towards such schemes can now 
be regarded as satisfactorily concluded The report 
describes briefly what 1s bemg done m the way of 
buildmgs and the collection of scientific hterature by 
the Lendmg Library Unit of the Department of 
Scientific and Industrial Research, and refers appre- 
ciatively to the sponsorship by this Lending Library 
Unit of translations of eight Russian periodicals 

It is only two years since the Advisory Council 
first reported progress towards the establishment of 
a National Lending Library of Science and Tech- 
nology, and even a year ago 1b was exprossmg concern 
at the failure to establish the National Reference 
Library of Science and Invention The two projects 
are inter-related and serious doubts are entertamed 
by competent judges as to how far either 1s likely to 
be efficient m the absence of the other, apart from 
any question of dupheating resources For that 
reason and for the further reason that the Advisory 
Counei's own recommendations for the National 
Lending Library included collaboration with the 
existing regional and specialist library services in the 
supply of scientific literature, this statement in the 
report reads rather like dereliction of duty Even 
with the appointment of a consultative commuttese to 
advise the Department of Scientific and Industrial 
Research from the pomt of view of the users of the 
Library on the services to be provided by ıt, the 
Advisory Couned ought not to disclaim erher 
responsibility or interest. 


*A 1 Report of the Advisory Council on Scientific Policy 1958- 
1959 ™cmnd 7393 ) Pp iv+l4 (London HM Stationcry Office, 
1959) 1s net 


The Advisory Council’s report does not mention 
the appomtment of this committee, the membership 
of which has been announced, but, on the Advisory 
Councils own showing, an adequate lending and 
reference service of scientific libraries bears so closely 
on both the supply of scientific and technical man- 
power and its efficient use that the Advisory Council 
can scarcely avoid a continuing interest in the pro- 
vision of such services Incidentally, the users do not 
seem to be adequately represented on that commuttee 
In any event, 1b will probably be necessary for the 
Council to continue to exert its mfluence m order to 
overcome the obstacles to co-operation and to ensure 
that adequate resources are placed at the service of 
the hbrary system as a whole Indeed, from this 
pomt of view, although the Roberts Report on the 
Public Library Service was addressed to the Minister 
of Education, some comment on the report might 
have been looked for from the Advisory Council, for 
Sir Sydney Roberts’s Committee gave due con- 
sideration to the relation of public libraries to other 
libraries, including scientific libraries 

On the matter of research contracts with British 
universities and institutions, the Advisory Council 
estimates that financial support for research in 
Britam from Government agencies and charitable 
foundations ın the United States amounts to about 
£1 5 millon per annum, of which about 1 5 milhon 
dollars comes from charitable foundations, such as 
the Rockefeller, Ford and Kellogg Foundations, & 
like sum from United States civihan agencies such as 
the National Science Foundation, and about half 
that sum from United States Service departments 
and agencies, and most of the money from Govern- 
ment agencies has so far been m the form of contracts 
for specific projects While welcoming the sub- 
stantial support this affords for research ım Britaan, 
the Advisory Couneil recognizes that research grants, 
and particularly specific contracts of this magnitude, 
could influence considerably the general pattern of 
research Accordingly, with the full co-operation of 
the United States authorities, who fully appreciate 
the position, 16 1s seeking to extend to all such con- 
tracts existing arrangements by which all research 
contracts placed by United States Service depart- 
ments are notified to the British departments and 
research councils concerned Without mtertermg 
with the freedom of university departments to accept 
or 1eject contracts which are offered to them, the 
arrangements should make ıt possible to co-ordinate 
British and United States offers of financial support 
for research, and should also ensure that the general 
terms of the varıous contracts are on a umtorm basis. 
While the Advisory Council hopes that m future a 
substantial proportion of the funds available will be 
provided in the form of grants, its inquimes did not 
indicate that the terms of contracts and security con- 
siderations hindered erther the freedom of the research 
worker concerned or the publication of his results 
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The hnkmg of research and other scientific act- 
ivities m the United Kingdom ıs further illustrated 
m the section of the Advisory Couneil's report which 
deals with overseas scientific relations Reference 
was made m the Advisory Council’s last annual report 
to the establishment by the North Atlantic Council 
of a Science Committee on which the United Kingdom 
representative is Sir Solly Zuckerman This Com- 
mittee has recently set up a small study group of 
scientists, under the chairmanship of M Lows 
Armand, to review the whole field of scientific effort 
in the North Atlantic Treaty Organization countries, 
and to direct attention to underlying weaknesses or 
gaps, and the results of this study are expected to 
be available next year Under the Organization, for 
European Economic Co-operation, which is at present 
reviewing its committee system, the Committee on 
Scientific and Technical Personnel has developed a 
semor visiting fellowhip programme, designed to 
enable research institutions to send their own research 
workers abroad, or to invite research workers from 
foreign institutions to visit them , this appears to be 
meeting a need in many countries The Committee 
on Applied Research also has developed a number of 
practical co-operative research projects 

The Government’s decision to set up an Overseas 
Research Council 1s warmly welcomed in the Advisory 
Council's report, which stresses the urgency and 
unpoitanee of the matters with which the new 
Council will have to deal Emphasizimg the value of 
the contribution which the United Kingdom has to 
offer to the development of the overseas territories, 
the Advisory Council hopes that the new Council will 
both be able to advise Ministers on the type of 
assistance that 1s most needed and also act as a focus 
of mterest m the application of research, both m and 
for the overseas territories The new Council should, 
it thinks, prove a useful complement m the scientific 
field to the work bemg undertaken in the educational 
field as a 1esult of the recent Commonwealth Educa- 
tion Conference 

The close relation between research and education 
m the overseas terirboiies 1s one reason for hopmg 
that, while the detailed activities 1n research overseas 
will doubtless ın future be described m the annual 
iepoits of the Overseas Research Council, the 
Advisory Council on Scientific Policy will not cease 
to concern itself with the broad issues and with the 
inter-relations with research in other fields and with 
education Moreover, 1t has still to be seen if the 
Overseas Research Council ean supply that overall 
conspectus of overseas research rather than the 
sectional reports, however admirable in themselves, 
to which “Colonial Research’? has hitherto been 
luted Such a conspectus 1s mereasingly desirable 
1n view of the growth m scale and extent of research 
in the Colonial and other overseas territomes, and of 
the collaboration with the United States in this field 
The appointment by the Lord President of the 
Council, pending the establishment of the Overseas 
Research Council, of a scientific panel, under the 
chairmanship of Sir Alexander Todd, to collaborate 
with a corresponding American panel, set up by the 
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National Science Foundation m the United States, 
to prepare a report on the application of science to 
problems in Africa for the United States International 
Co-operation Admunistration is a step m the iight 
direction. 

It was m accordance with the advice of the 
Advisory Council on Scientific Pohey that the Birtish 
Government authorized a programme for the design 
and construction of instruments to be carmed m a 
series of Earth satellites, and with the establishment 
of a Steermg Group under Sw Edward Bullard to 
supervise and co-ordinate the general Government 
interest in the programme, so that the direct concern 
of the Advisory Council with the present programme 
of space research terminated Nevertheless, the 
Advisory Council, in the present report, does not 
content 1tself merely with summarizing concisely the 
steps which led to the mitiation of that programme, 
and the subsequent agreement of the United States 
National Aeronautics and Space Admmustration to 
provide space m a series of satellites to be launched 
over a period of three to four years for a number of 
British instruments designed to carry out a scientific 
programme under the general supervision of the 
Buitish National Committee for Space Research It 
also takes the opportunity of setting out pimeiples 
which it believes should underlie British participation 
in this field of endeavour 

Space research, 156 ıs pointed out, especially when 
xt proceeds beyond the stage of launching small 
Earth satellites, must make enormous and increasmg 
demands on scientific and financial resources, and we 
in Great Britam cannot hope to provide all the 
resources necessary to develop space exploration 
mdependently on an equal footing with the United 
States and the USSR Nevertheless, the Advisory 
Couneil is convinced that British scientists have an 
important and useful pait to play m this new field, 
and that if they are provided with the means to 
cary then scientific struments into space, carefully 
designed experiments with Earth satellites can con- 
tribute to the solution of important scientific problems 
and often provide the most economical method of 
obtaming the data needed Ventures into space with 
lunar, planetary or solar probes would be far more 
costly, and m the Advisory Council's opimon the 
scientific and technological return is unlikely to be 
commensurate with the cost British pat ticipation 
m such activities at the present time is not recom- 
mended 

The Advisory Council does not expect the scientific 
programme at present authorized to have in itself 
any adverse effect on the man-power situation m 
British industry , indeed, there may be some stimulus 
to micro-imstrumentation Nevertheless, the Advisory 
Council 1erterates that the technological advantages 
likely to accrue from the development of a British 
rocket and satellite programme designed for civil 
purposes, over and above the effects of the existing 
military missile programme, would be insufficient to 
justify the very considerable expenditure involved 
When the results of the design studies at present bemg 
carried out on the adaptation of British military 
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rockets are available, ıt will be possible to decide 
whether the additional expenditure and diversion of 
effort mvolved in a purely British satellite programme 
may be justified by the results which can be expected 

The Advisory Council is not unmmdful of the 
claims of prestige, but nightly it stresses the all- 
important question of priorities for a nation with 
lmuted resomces Once agam 1$ emphasizes the 
importance of adequate expenditure on research and 
development m those fields which vitally affect the 
welfare of our people, the strengthenmg of our 
economic position and the umprovement of standards 
of living in the under-developed countries, particu- 
larly in Commonwealth countries and Colonial 
territories It 18 mcontestably right m urging that ıt 
would be the grossest folly to leave these needs 
unsatisfied ın order to embark on a large programme 
of space exploration on a purely national basis, and 
in suggesimg that m such a field the right approach 
18 that of international collaboration 

There may well be other fields in which the con- 
taibution appropriate to the special skills and 
resources available m Great Britam is best made on 
an international basis, and the newly established 
co-operative agreement with the United States 
already noted, and the further agreement for United 
Kingdom participation m a jomt United States/ 
Canadian Working Party to conduct experiments on 
the ionosphere by means of rockets are to be wel- 
comed on general as well as on speeifie grounds The 
Advisory Council’s latest report provides conclusive 
evidence of the value of the Council, provided that 1ts 
authority 1s properly sustamed and rts recommenda- 
tions are effectively presented It ıs manifest that 
Lord Hailsham, as Ministe: for Science, has at his 
hand an admurable instrument, with a realistic sense 
of priorities and the wide vision and clear under- 
standing that are essential m securmg co-operation 
and co-ordination in either science or technology 


A HISTORY OF MAGIC AND 
EXPERIMENTAL SCIENCE 


A History of Magic and Experimental Science 
By Prof Lynn Thorndike Vols 7 and 8 The 
Seventeenth Century Vol 7 Pp x+695 Vol 8 
Pp vm-+808 (New York Columbia University 
Press, London Oxford University Press, 1958 ) 
80s net each volume 


HE publication by Prof Lynn Thorndike of 

Vols 7 and 8 of his great work, “A History of 
Magic and Experimental Science”, completes a task 
on which he has been engaged for more than fifty 
years The first two volumes appeared m 19231, but 
the author’s interest ın the subject extends back to a 
much earlier stage m his career While still a student 
at Columbia University, New York, in 1902-3, it 
was suggested to him that a study of magic m medi- 
eval universities would form a suitable subject for a 
master’s degree The more immediate outcome of his 
mitial researches in this field appeared m 1905, m a 
book entitled “The Place of Magic m the Intellectual 
History of Europe This was followed by his “History 
of Medieval Europe” 
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After leaving Columbia, Prof Thorndike served as 
associate professor of history in the Western Reserve 
University, and while there the first two volumes of 
his magnum opus were published Shortly afterwards, 
m 1924, he returned to Columbia on appomtment as 
professor of history in that University It 1s evident 
that by this time Prof Thorndike had already 
acquired a deep interest m the history of science, for 
he was one of the founder members of the History of 
Science Society established in the United States m 
1924, later serving as 1ts president, and in 1928 he 
was instrumental, with others, ın settmg up the 
Académie internationale d’Histoire des Sciences It 
is from the fusion of these two interests, medieval 
history and the history of science, that his eight- 
volume work has grown 

The first two volumes cover the first thuteen 
centuries of the Christian era They were reviewed by 
George Sarton, in Jss*, and the review was a critical 
one While admuttmg that the woik was one of 
major importance, the reviewer expressed the opinion 
that the title was so misleading as to be deceptive 
In Sarton's view, 16 was not a history of the science 
of the period, still less of experimental science, as 
these two terms should be understood While there 
18 something to be said for Sarton's point of view, it 
seemed a little pedantic, because, as he later admitted, 
what passed for science m medieval times was, for 
the most part, inseparably hnked with the practice 
of astrology, alchemy and divmation, and with the 
lore of gems and amulets 

Volumes 3 and 4 were published m 1934, and cover 
the fourteenth and fifteenth centuries In Vol 3 
(p 22) Prof Thorndike met Saiton’s criticism, 
intentionally or otherwise, with the statement that 
his woik was to be regarded as a history of the rela- 
tions between magic and expermental science, and 
this certamly defines the scope of the work rather 
moie closely These two volumes also were reviewed 
by Sarton, and this time, while repeating his opinion 
that the title was misleading, he was less critical , 
and he conceded that, since medieval thought was 
governed by astrology, alchemy and divination, 
Prof Thorndike’s work might be called a history of 
scientific thought He pointed out, not unreasonably, 
that the term 'expeirnental science’ was used by the 
author m far too loose a sense 

Vols 5 and 6, which appeared m 1941, cover the 
sixteenth century , and, m Vol 5 Prof Thorndike, 
in diseussmg the first six volumes, states “Lake 
Moses we have brought the reader through the wilder- 
ness to withm sight of the promised land of modern 
science It remains to be seen whether we shall enter 
m or whether we shall content ourselves with viewmg 
the prospect o’er from the other—magical—side of 
Jordan” Fortunately, the author decided to cross this 
intellectual Jordan, and continues his story to the end 
of the seventeenth century in his last two volumes 

Prof Thorndike has deliberately restricted his 
study, in time, to the Christian era, and in space to 
the Western world In these last two volumes he 
has moved forward to the seventeenth centwy, to 
the period when the great expansion m the search for 
knowledge took place, which has been called by 
Dı Charles Singer the ‘msurgent’ century and by 
others one of scientific revolution It ıs in this period 
that many of the expeimmental and observational 
sciences have then mai roots and begm to take 
on & more modern form, and for this 1eason Vols 7 
and 8 are likely to have a wide: appeal than the ea1lier 
ones Then main thesis, however, 16 the extent to 
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which the belief m magic and the occult, universal 
in preceding centuries, lmgered on thiough the seven- 
teenth century, even in the minds of learned men, a 
fact that is not usually emphasized ın the more con- 
ventional histories of science, though the evidence 1s 
ample These last two volumes provide a lnk 
between the age of magic and that of modern 
science 

The two volumes cover 1,500 pages, and ıb is 
impossible to discuss their contents ın detail withm 
the limits of a review, but the following selection from 
the titles of the forty chapters gives an indication of 
the field covered Vol 7 meludes the followmg 
“Backward Glance’, “Kepler and Galileo’, 
“Francis Bacon”, “Alchemy and Iatro-Chemistry 
to 1650", “Mineralogy”, “Natural Magic” , “Inter- 
est in the Occult in German Universities” , “Harvey 
and Pati", ‘Descartes’,  '"The Underground 
World of Kircher and Becher", and "Artificial 
Magic and Technology" Vol. 8 has chapters on 
“Natural History, especially of Animals" , “Botany”, 
“Chemical Courses and Manuals”, ‘Robert Boyle" , 
“Academies and Scientific Societies” , Astrology after 
1650", ‘“Medicine and Physiology" , “Hhert Magie" , 
"Sir Isaac Newton", and “The Last Decade" 

Prof Thorndike’s treatment of the scientists and 
subjects discussed always emphasizes the credulity 
of the age Huis opinions are personal views, unm- 
fluenced by the generalizations of other writers, and 
based solely on his own very extensive reading For 
example, of Robert Boyle he writes ‘In Boyle 
himself we have an example par excellence of one 
begmning to shuffle off the mystic robes of the magi- 
cian and puttmg on the habiliments of modern 
Science" , but he considers the statement by & recent 
biographer of Boyle that the latter 1s generally known 
to have been an alchemist, “accepting theoretically 
and practically the doctrme of the transmutation of 
the elements"* is too strong an estimate of Boyle's 
position Some chapter headings might lead the 
unsuspecting reader to anticipate a discussion of the 
beginnings of systematic knowledge of some particular 
science, but he 1s likely to be disappomted That on 
mineralogy, for example, 1s almost solely concerned 
with the belief in the supposedly occult or medicinal 
properties of gems and minerals. 

Prof Thorndike’s work 1s 1n no sense a systematic 
or even a complete history of experimental science, 
or of science in general It ıs a very detailed and 
fully documented account of beliefs that held sway 
for centuries before the scientific revolution, beliefs 
that were so deeply ingrained m the human mind 
that they were only with difficulty discarded by the 
scientists and naturalists who actually brought about 
this revolution It 1s & work of great erudition 
The author records that in the last two volumes some 
1,600 authors and men of learning are mentioned 
To the majority of readers most of these names are 
likely to be unfamihar, if not entirely unknown 
If known, the books they wrote (some exist only in 
manuscript form) are frequently of such rarity as to 
be difficult of access to the average reader, and, 
furthermore, the fact that many are written m Latm 
means, to all but the few, that even if accessible 
they are unreadable — Historians of science will be 
permanently im the author's debt for placing on 
record, m readable form, the results of his researches, 
which were carried out in many European hbraries, 
as well as m those 1n the United States It 1s perhaps 
inevitable that these volumes often read as if they 
represent the transcription of a series of tidied-up 
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note-books, interspersed with the comments of the 
author This ıs not to say, by any means, that the 
text 18 not easy reading, for 16 can be read with inter- 
est and pleasure, but it 1s regrettable that the 
author’s conclusions on the numerous topics discussed 
are not summarized more often and more systematic- 
ally 

“The History of Magic and Experimental Science” 
18 primarily a source-book and a work of reference, 
and as such 1s hkely to be consulted for many years to 
come It1s also a mme of bibhographical mformation 
Use of the book 1s greatly facilitated by the elaborate 
index, contained ın Vol 8, which extends to 168 
pages It seems unlikely that the ground covered 
by Prof Thorndike m these two volumes, and, indeed 
m the whole work, will ever again be re-traversed in 
such detail As a history of magic it 18 outstanding , 
as a history of science ıt should be read in conjunction 
with the more formal histories of science It 18 a 
pleasure to record that m December 1957 the author 
was presented with the George Sarton Medal, the 
highest award of the History of Science Society, for 
his numerous and valuable services to the history of 
science V A EYES 
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! A second printing, with corrections, was published in 1929 

? Tavs, 6, 74 (1024) 

3 Isi, 28, 471 (1935) 

* Moore, L T , “The Life and Works of the Honourable Robert Boyle", 
214 (Oxford, 1944) 


OLD CHEMISTRY 


Chymia 

Annual Studies m tue History of Chemistry, Vol 5 
Edited by Henry M Leicester (Edgar F Smith 
Memorial Colleecon. University of Pennsylvania 
University of Pennsylvama and Division of History 
of Chemistry, American Chemical Society ) Pp 214 
(Philadelphia University of Pennsylvania Press, 
London Oxford University Press, 1959) 40s 
net 


T is six years since the previous volume of ‘“Chymia”’ 

was published and ıt 18 good news that this attract- 
ive and valued selection of studies m the history of 
chemistry 1s again to appear annually The American 
Chemical Society has furthered the interests of chemis- 
try m a way which is mternationally acknowledged 
and esteemed, and the inclusion of the history of 
chemistry in Chemical Absiracts for a long time has 
shown that it has this side of 1ts many interests at 
heart ‘The editor of the present volume, well known 
for his valuable publications m the field, contributes 
an mteresting paper on the spread of the theory 
of Lavoisier im Russa The volume begins with 
& well-deserved tribute to the memory of Edgar 
Fahs Smith (1854—1928) and a list of his numerous 
pubheations relating to the history of chemistry, 
written by H 8 Khekstem Ina way, “Chymia” owes 
its existence to Edgar Fahs Smith, and hus memorial 
collection in the University of Pennsylvania, left 
with an endowment, now includes part of O A 
Browne’s collection and the hbrary of Tenney L 
Davis, making up more than nine thousand volumes 
and three thousand portrait prints 

The other papers cover a wide field, from ancient 
Mesopotamian metallurgy to the history of the 
structure of acetone One of the longer papers, by 
Daumas and Duveen, describes Lavoisier’s large- 
scale decomposition and synthesis of water in Feb- 
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ruary, 1785 There ıs an article by R E Schofield 
on Josiah Wedgwood as an mdustrial chemist and 
one by R Siegfried on the chemical philosophy of 
Humphry Davy American chemistry 1s represented 
by two papers, one on the Columbian Chemical 
Society by W D Miles and one by S M. Edelstem on 
the chemical revolution m the United States as shown 
by the pages of the Medcal Repository, a periodical 
initiated by Samuel Latham Mitchill m 1797 This 
paper is of interest m relation to Prestley, who 
published m Mitchill’s Journal 

One can always have too much of a good thing, 
when interest tends to decline With such a relatively 
small publication as ‘‘Chymia”, appearing once a year 
(as we hope 15 will), 15 follows that only material of 
the highest standard can find a place It can be read, 
and since its field 1s restricted to chemistiy 16 18 not 
swamped by publications towards which chemusts, 
with their generally practical and objective outlook, 
feel little drawn Chemists can read and enjoy 1t, 
and even those who have little sympathy with histori. 
eal studies as such cannot fail to find something 1n the 
pages of “Chymua”’ which will interest them We all 
know who proposed the name “aldehyde” Who first 
used the name “acetone” ? A search of all the stand- 
ard literature does not answer this question, but it 
is answered in this volume of "Chymus" Every 
chemist who up to now has not seen this fascinating 
publication 1s strongly advised to repair his loss 

J R PARTINGTON 
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PROPERTIES OF LIQUIDS 


Liquids and Liquid Mixtures 

By Dr J S Rowlmson (Modern Aspects Series of 
Chemustry ) Pp m+360 (London Butterworths 
Scientific Publications , New York Academic Press, 
Ine, 1959) 75s , 12 80 dollars. 


R ROWLINSON'S book 1s admurable m many 
ways In it 1s gathered together an impressive 
amount of quantitative information about the 
measured properties of liquids and liquid mixtures, 
and also a multitude of thermodynamics and statist- 
1cal formule, including all those that are ever likely 
to be required for the correlation of purely thermo- 
dynamic properties No reader could possibly 
complain that the author has paid madequate atten- 
tion to the experimental literature, or has failed to 
take seriously the difficulties which arise ın the most 
advanced statistical theories 
The book, however, suffers from the defects of its 
qualities It 13 a commonplace that nothmg but 
tiiviahties can ever emerge from a purely thermo- 
dynamic discussion of home ‘neous phases, and yet 
the statistical theory of liquids does not appear until 
two-thirds of the way through the book One of the 
most valuable generalizations m the theory of liquids 
is the principle of correspondmg states, and one 
would have thought that this principle, and ris 
statistical basis, should have been mtroduced early 
on, as an invaluable first approximation from which 
real hquids, of course, deviate to varying degrees and 
for various reasons Again, the thermodynamic 
properties of mixtures cannot be understood at all 
without reference to the mtermolecular potentials, 
and surely the most satisfactory way of dealmg with 
them is to interpret the data in terms of statistical 
models as one goes along In this connexion it 1s a 
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pity that nothing 1s said about the theory of Prigogme 
and his colleagues of ‘ideal associated’ solutions, or 
about the hnk-up between the spectroscopic and 
thermodynamic data on alcohol solutions Further, 
though this is a fault of the title rather than of the 
book, there 1s virtually no mention of transport pro- 
perties, or of other non-thermodynamie measurements 
which have thrown so much light on the liquid state 
Tho best chapters in the book are probably those on 
the critical state of pure liquids and liquid mixtures, 
and the final chapter on the statistical thermo- 
dynamics of mixtures of spherical molecules, which 
is based mainly on the work of W B Brown 
Finally, ıt 1s certam that the purely descriptive 
chapters on the phase diagrams of mixtures will be 
of educational value to the chemical engineer, forwhom 
the moral of the book is “Anything can happen and 
it probably will" H C Lonever-Hieerms 


SOILS OF TANGANYIKA 


A Survey of Soils in the Kongwa and Nachingwea 
Districts of Tanganyika 

By B Anderson Pp ix--120(36figures) (Roadmg. 

Department of Agricultural Chemistry, The Univer- 

sity, Dar-es-Salaam Tanganyika Agiicultural 

Corporation, 1957) np 


Rn e: knows the dismal sequel to the 
ambitious scheme for the mechanized production 
of ground-nuts m East Africa, which was character- 
ized by the failure to employ pedological methods on 
pedological problems After the hoise had departed, 
some effort was made to shut the stable door and a 
very competent soi surveyor was set to work to 
make a proper study of the soils of the Kongwa and 
Nachmgwea districts The publication under review 
presents his results and shows what can be achieved 
by one tramed pedologist working ‘on the cheap’ 
with hmited facilities, but with specialized technical 
assistance from various mstitutions The moral for 
would-be planners of land-use 1s obvious 

The first two chapters contam descriptions of the 
topography, geology, climate, vegetation and soils 
of the two areas In each case the soils are deseribed 
in detal and the soi patterns are shown on maps 
at 1/25,000 The latter are clear and pleasmg to the 
eye, but the keys should have specified the parent 
material and topographic situation of each soil 
series, thus saving constant reference to the text 

At Kongwa the main catena consists of red earths 
developed on a sandy loam from granitic gneiss and 
brown and grey calcareous valley-soils on colluvium 
and alluvium Some of the red earths are capable of 
ciopping usefully ın good years but the mam lumita- 
tion 1s the unreliability of the rainfall 

In the Nachingwea area, the major aieas aro 
occupied by a ‘textural catena’ developed by differen- 
tial washing of a deep mantle weathered from more 
basic gneiss The rainfall ıs nearly twice as high as at 
Kongwa and the wet season 1s somewhat longer 

The next chapter describes the soil maps in detail 
and clarifies the topographic relationships with 
cross-sections In the last, there ıs a useful summary 
of ideas on the genesis of the soils and ther relations 
to other tropical souls 

The book 1s well illustrated with photographs and 
diagrams and is à valuable addition to our knowledge 
of East African soils R M S Perro 
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Acoustique Musicale 
(Marseilles, 27, 28, 29 Mai, 1959 ) (Colloques Inter- 
nationaux du Centie National de la Recherche 
Scientifique, No 84) Pp 259 (Pans Editions du 
Centre National de la Recherche Scientifique, 1959 ) 
3,400 francs 
ROM time to time the subject of musical acoustics 
earns itself a colloquium There was one recently 
in London (see Nature, 183, 1293 , 1959) and others 
have taken place m Switzerland and the United 
States The colloquium the proceedings of which are 
under review was more ambitious, smce from rts 
audience ıt could be justly called international and 
was conducted at Marseilles, surprismgly under the 
patronage of the Centre National de Recherche 
Scientifique Such gatherings usually attract a 
number of scientists who are amateur musicians but 
few professional musicians The organizers of this 
one were fortunate m collecting an audience nearly 
equally divided between the two types The papeis 
presented indeed, with a few exceptions, fell mto 
two classes, those conceined with the acoustics of 
musical instruments (the scientific) and those with 
intonation and musical scales (the a1ithmetic, 1f the 
writer of this notice may be pardoned for usmg the 
term) A surprismg amount of ‘academic’ discussion 
was engendered concerning the effects of changmg 
an interval m a scale by a small fraction say, a fow 
cents, academic because real singers and instru- 
mentalists do not hold intonation to such a precision 
One may have doubts whether this subject is an 
art or a science, but many 1eaders of these proceedings 
will gam. a refreshing insight ito the range of mterest 
and activity covered by the term ‘musical acoustics’ 
E G RICHARDSON 


Biological Sciences 
Vol 2 Edited by J G Bugher, J Coursaget and 
J F Loutt (Progress m Nuclear Energy, Series 6 ) 
Pp x+422-+xu (London and New York Pergamon 
Press, 1959) 105s net 
HIS 18 an editorial selection of thirty-five papers 
out of the many presented to some of the bio- 

logical and medical sessions of the Second Conference 
on the Peaceful Uses of Atomic Energy (1958) The 
subjects range from the distribution of labelled drugs 
m the body, to radiation-mduced ageing im mice and 
induced mutations m polygenic systems The re- 
viewer ean only apply a further arbitrary selection 
A remarkable paper by Barnes, Ford, Gray and 
Loutit reports the discovery that repopulation of 
hemopoietic tissue by host cells m radiation-chimera 
is often effected by a very few clones of cells, some- 
times recognizable by chromosomal ‘markers’ 

Ullberg gives some beautiful examples of how the 
distribution, locahzation and metabolism of certam 
(labelled) drugs can be followed by auto-radiography , 
Muller reviews the recent contributions of Drosophila 
work to the knowledge of radiation-mduced mutation 

General papers deal with the ‘ageing’ effects of 
radiations and, more generally, with the effects on the 
hfe-span Others deal with agents modifymg the 
biological effects of radiations, with the ehmmation 
of radioactive substances from the body and with 
chemical effects of radiations on particular substances 
A considerable proportion of the book is concerned 
with the mduction of mutations 

The book ıs an indispensable—though somewhat 
expensive—reference for laboratories in any way 
concerned with the biological effects of radiations 
G PONTECORVO 
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Tracer Applications for the Study of Organic 
Reactions 

By John G Bur, Jr Pp x+291 (New York 

Interscience Publishers, Ine , London Interscience 

Publishers, Ltd , 1957 ) 7 50 dollars 


N this book the author has attempted to present 

the evidence obtamed by the use of isotopic tracers 
in the study of organic reaction mechanism <A very 
wide field has been covered, and 1n some sections, for 
example, that on migration aptitudes, a valuable 
critical discussion has been meluded It 1s rather a 
pity that this standard has not been adhered to 
thoughout and the work thus becomes rather uneven 
Its mam value lies m the full literature mdex which 
forms a most useful guide to further readmg on the 
many reactions discussed The literature coverage 
(up to early 1953) makes certam sections out of date 
at the time of writing but the author feels that the 
book will be of some value to the advanced worker 
who wishes to use it as a literature source book 
Valuable appendixes on the subjects of reaction 
mechanism and handling of isotopic tracers, together 
with an addrtional list of references covermg the period 
1953-1954, are also meluded A I Scorr 


Index of Chemistry Films 

A Comprehensive List of Fums and Filmstrips on 
Chemistry and Related Topies Pp ix--150 (Lon- 
don Royal Institute of Chemistry, 1959) 5s 


HE object of this publication 1s to provide an 

up-to-date guide to the eight hundred or so 
films and two hundred or so film strips on chemical 
topies that are available in Gieat Britam The 
films are classified according to subjects Brief 
information is supplied on how any film may be 
obtained, on its length, gauge, essential contents and, 
where known, sutability for particular audiences, 
especially schools "Thus is a most valuable pamphlet, 
the existence of which should be made widely known 
so that fuller use can be made by schools and other 
mstitutions of the extensive amount of available 
material 


Royal Institute of Chemistry Monographs for 
Teachers 

No 1 Prmerples of Electrolysis By Prof © W 

Davies Pp v+30 3s 6d No 2  Prmoples of 

Oxidation and Reduction By Dr A G Sharpe 

Pp v+30 3s 6d (London Royal Institute of 

Chemistry, 1959 ) 


VERY student who goes up to university soon en- 
counters the frustrating experience of having to 
‘unlearn’ something of what he has been taught at 
school There may well be something to be said foi 
the educational value of vaned approaches and the 
discarding, on the basis of more adequate arguments, 
of material acquired parrot-fashion at a younger age 
There can be no doubt, however, that such lessons 
ought to be kept to a mmimum and that time at 
school is m general more wisely spent on the teaching 
of fundamentals on a sound basis 
With this object m mind, the Royal Institute of 
Chemistry have now begun the issue of pamphlets 
on some of the more advanced topics of the school 
chemistry syllabus, to provide a short refresher 
course for teachers The venture deserves every 
success and has had a good send-off with the two 
pamphlets issued so far V Gorp 


December 19, 1959 


No 4703 


NATURE 


1903 


GENETIC BASIS OF THE THALASS/EMIA DISEASES 
By Pror. V. M. INGRAM and A. O. W. STRETTON 


Division of Biochemistry, Department of Biology, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


N recent years ıt has become clear that the 

abnormal human hemoglobms, such as hemo- 
globms S, C, D, E, etc , are variants of the normal 
protem (hemoglobm A), differing from it by the 
substitution of perhaps not more than a single 
amimo-acid residue by a new one! These mutant 
forms are inherited as single genes On the other 
hand, thalassemia m both its mmor and its major 
form, although mhberited m a similar manner, has 
presented a much moie complicated and confusing 
picture In this anemia, the mherited abnormality 
is not manifested in the production of recognizably 
abnormal forms of hemoglobin, but rather in the 
apparent mterference with the rate of production of 
the hemoglobin A with consequent anemia 

It ıs the purpose of this article to present and 
explore a unifymg hypothesis—and an alternative— 
which seeks to explain the occurrence of thalassemia 
and some of its mte1actions with the other hemo- 
globmopathies m which chemically abnormal hemo- 
globms are recognized In particular, we wish to 
suggest that thalassemia is a mutation producing a 
hemoglobm with a ‘hidden’ ammo-acid substitution, 
such that the hzmoglobm produced ıs electro- 
phoretically normal There are many such mutations 
possible Some of the 1deas which are contamed m 
this theory have been talked about by many people 
and on numerous occasions (for example, Itano*) , 
we do not wish to claim any great originahty for 
them It1s hoped that the hypothesis, even 1f proved 
wiong, will serve to stimulate mterest and direct 
experiment im this field 


Historical 


Thalassemia, o1 Cooley's anemua, is a hereditary 
disease which occurs commonly m Mediterranean 
peoples, especially those of Itahan and Gieek omgm 
It ıs found in two forms, thalassemia major, or 
Cooley’s anzzmua, and thalasseemia minor 

Clmically the major form of the disease 1s charac- 
terized by a marked hypochromic anzemea with 
abnormal red-cell morphology and the presence of 
target cells and oval red blood cells, the cells have 
inereased mechanical fragihty and osmotic resistance 
The mmor form, on the other hand, may be asymp- 
tomatic and m some cases is difficult to diagnose 
Anemia, if present at all, is only very slight, the 
hematological findings melude mereased target cells, 
mucrocytosis, and increased osmotic resistance of the 
cells 

Electrophoretic studies? and measurements of the 
rate of denaturation by alkali have shown that in 
the major form of the disease the proportion of & 
hemoglobm having the mobility and behaviour of 
foetal hemoglobin is raised, sometimes as high as 
97 per cent of total hemoglobm In the minor form 
the proportion of foetal hamoglobm 1s scarcely raised 
above the normal amount, which 1s of the order of 
1 per cent Rich? has suggested that foetal hamo- 
globin 18 produced to compensate for the marked 
decrease ın the amount of norma] adult hemoglobin 
synthesized by people with thalassemia major, if 


this ıs the case, ıt 1s apparent that the degree of 
compensation varies widely fiom omdividual to 
individual, as does the decrease m the 1ate of pro- 
duction of hæmoglobin A 

It ıs now well established that the parents of a 
person with thalassemia major have thalassemia 
munor, and extensive family studies have been carried 
out to support thist However, cases have been 
reported where parents of thalassemia major children 
do not show the usual findmgs associated with 
thalassemia minor’ In addition to the increase in 
the proportion of foetal hemoglobin mentioned above, 
Kunkel*" has recently shown a correlation between 
the proportion of & normal minor component of 
blood, hemoglobm A,, and the presence of a thal- 
assemia gene Gerald and Diamond® have extended 
this in a survey of twenty-three parents of children 
with thalassemia major They found that m all 
these parents the proportion of A, 1s raised, the usual 
increment bemg from the normal 2 5 per cent to 
5 per cent However, Kunkel e? al? showed that 
two out of thirty-four parents of childien with 
thalassemia major had no merease in A, although 
examination of them blood suggested the presence of 
thalassemia minor This last finding suggests, as 
does the great variability of the disease, that there 
is not one kind of thalassemia minor or major, but 
several and perhaps many 


Possible Molecular Mechanisms for Thalassemia 


The appearance of the cells in thalassemia major 
suggests that they contam less hemoglobm than 
normal Perhaps such symptoms as are seen im the 
munor condition can be laid to this cause also It is 
possible to explam the low hemoglobin content m 
terms of a slower rate of hemoglobin synthesis withm 
the developmg blood cell i» a way simular to the 
explanation given by Itano? for the abnormal bæmo- 
globm diseases If we assume that hemoglobin 
synthesis is complete m all or almost all the cells 
in circulation, then the ratio of the amounts of 
different hemoglobms m the same cell is equal to 
the ratio of thew average rates of synthesis In 
persons who are heterozygous for hemoglobm A and 
for an abnormal hemoglobin (for example, hæmo- 
globin S), the proportion of haemoglobin A 1s usually 
higher than that of the abnormal, reflecting a lower 
rate of synthesis of the abnormal hemoglobm It 
has been suggested? that m cases of persons homo- 
zygous for an abnormal hæmoglobin. or heterozygous 
for two abnormal hemoglobms, the cells are maoro- 
cytic and the blood contams numerous target cells 
However, in sickle cell anemia, the cells are normo- 
eytic, but this may be due to increased amounts of 
foetal hemoglobm in the cells Simce all the cells in 
sickle eel anemia show the sickling phenomenon, 
even when hemoglobin F 1s present, the synthesis of 
fetal hemoglobin and hemoglobm S seems to occur 
within the same cells” 

A slow rate of hemoglobin synthesis in thal- 
assemia might be expected to result m hypochromic 
cells We know of no direct experimental evidence 
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on whether foetal hemoglobm produced in thal- 
assemia major is m the same cells as adult hemo- 
globin, but aigumg fiom the findings in sickle cell 
anemia, we would predict that they would be 1m the 
same cells Experiments are needed to confirm this 
prediction and to compare the sites of formation of 
cells contaming foetal hemoglobm m the normal 
foetus and infant, m sickle cell anamia and m 
thalassemia major 


Possible Causes of a Low Rate of Haemoglobin 
4 Synthesis 


If the gene affected in thalassemia is one which 
controls the production of an enzyme catalysing one 
of the many steps involved in hem synthesis, à low 
18te of enzyme synthesis or à defective enzyme might 
result ın this particular enzymatic reaction bemg the 
rate-limitmg step m hemoglobin production The 
high serum iron and the saturation of the won- 
binding capacity of the plasma have been taken as 
indications that mhibition m porphyim synthesis 18 
the basic defect m thalassemia However, on this 
basis ıt would be expected that the rate of synthesis 
of foetal hemoglobm should also be reduced m 
thalassemia, 1f indeed it 1s true that foetal and adult 
hemoglobm are made in the same cells 

In the normal mfant, a switch-over mechanism 
exists which causes foetal hemoglobin production to 
be replaced completely by adult hemoglobin pro- 
duction withm a few months of birth The nature of 
this contiol mechanism is not understood, but if ıb 
were defective, foetal hemoglobm synthesis might 
not be anested, as 1b 18 m the development of the 
normal infant, while at the same time the synthesis 
of hemoglobin A might remam partislly or com- 
pletely unstimulated Thalassemia, in this view, 
would be a developmental defect, resulting m a 
state of immaturity of the hemoglobn-syntheszmg 
system 

The two mechanisms discussed above might be 
expected to result m a low rate of synthesis of adult 
hemoglobin, and it ıs quite possible that some cases 
of thalassemia are, m fact, caused by one or other 
of them However, there ıs one aspect of the effect 
of a thalassemia gene that is difficult to explam im 
these terms ıt 18 found that m many cases where 
both clmnical and family studies suggest the presence 
of both a thalassemia gene and a gene for an 
abnormal hemoglobm (for example, hemoglobim 8) 
in the same person, the proportion of abnormal 
hemoglobin 1s roughly doubled in compaiison to that 
found m a person singly heterozygous for an abnormal 
hemoglobm For example, in sickle cell or hamo- 
globin C trait, the abnormal hemoglobm constitutes 
ioughly 40 per cent of the hemoglobin, whereas m 
double heterozygosity for thalassemia and hemo- 
globin S or C, the proportion rises to about 80 por 
cent The remainder is largely foetal haemoglobin 
This indicates a specific mhibition. of hæmoglobin A 
synthesis with little or no interference with produc- 
tion of the abnormal hemoglobm This differential 
effect ıs difficult to explam, if thalassemia mvolves 
an effect on ham synthesis, or a defect in tho hemo- 
globin F to hemoglobin A switch mechanism, both 
of which should, a priore, mhibit also the abnormal 
hemoglobm 

Studies on the ratio of hemoglobin A to hemo- 
globin S and to hamoglobm C ın heterozygotes have 
led Itano™ to postulate that as well as contammg 
the information for the ammo-acid sequence of the 
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globin, the hemoglobin genes also have characteristic 
rate-determmmg information, thus, a gene con- 
trolling the production of a globm with a certam 
ammo-aeid sequence will effect synthesis of protem 
at a certam rate, while a gene associated with a 
globm having the same sequence except for one 
amino-acid may have a different rate of synthesis 
For example, hamoglobms S, C and E appear to be 
produced at a slower rate, and hæmoglobin J? at a 
faster rate, than normal 

Itano has also postulated*, on the basis of the 
trimodal distribution of ratios of hemoglobm A to 
hemoglobin S m heterozygotes, that normal hemo- 
globm 1s controlled by a series of at least three 
alleles, producmg hemoglobin at different rates, 
the hemoglobms would have different ammo-acid 
sequences, but the same electrophoretic mobility 
We wish to extend these ideas to include thalassemia, 
postulating that the ‘hemoglobm A’ found m thal- 
assemia homozygotes has a different amimo-acid 
sequence from ‘normal’, and that this new sequence 
determines a characteristically low rate of synthesis 
If 1n some cases of thalassemia major no hemoglobin 
A appears to be produced at all, we would assume 
it to be due to a ‘lethal’ mutation similar to those 
found m micro-organisms where a mutation withm a 
gene may cause no protein to be produced, so far 
only one such thalassemia case has been described? 


Amino-Acid Substitution Hypothesis 


There are in the human at least three types of 
hemoglobm (a) the adult series of hemoglobins 
(4, S, C, D, E, ete), (b) the foetal series (F, hemo- 
globin ‘Alexandra’, ete ), (c) the normal minor com- 
ponents—for example, hemoglobin A, of Kunkel 
and Wallenms}* 

Each form of hemoglobm has, or probably has, 
four polypeptide chains of two different kimds!sH, 
which we may write Hb A = «4,468.4, Hb F= 
GS A NY,P Hb A, = m4:y54s (to dicate that these 
have not yet been mvestigated) The subscripts have 
the usual chemical significance as in H,O and the 
superscripts refer to the particular hemoglobm It 
has been shown that the « chams of hemoglobn F 
are like the œ chams of hamoglobm A im gross 
structure?” When itis shown that they are alike m 
detail, then we will be able to write hemoglobin 
F = a,4y,% The possibility that these « chams are 
identical, and more important, the possibility that 
those chains are controlled by the same geno, are of 
great genetic, developmental and evolutionary sig- 
nificance They also affect to some extent the 
hypothesis in this paper 

It 18 widely believed that the precise ammo-acid 
sequence, and hence the structure, of each hemo- 
globin peptide chain 1s controlled by a specific gene— 
with the proviso mentioned in the previous para- 
graph For hemoglobin A there would exist « genes 
to control « chains and B genes to control B chains 
The genotype of a person making hemoglobm A 
would be written as a4/a4, 84/84 The idea that 
two sets of genes might contro] production of hemo- 
globin has been proposed before by Schwartz et al 1? 
and by Smith and Torbert? The genotype for foetal 
heamoglobm, and for A, can be written  «‘4’/a‘4’, 
yP iy? and X41]X4:, Y411Y4: The abnormal human 
hamoglobms, m so far as they have been mvesti- 
gated, have proved to carry single ammo-acid sub- 
stitutions m one or other cham! The molecule of 
the hemoglobm S phenotype which has the mutation 
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Fig 1 Schematic diagram of the spatial arrangement of peptide 
chains in the hemoglobin molecule The sausage-ltke objects 
(ref 16) represent the coiled polypeptide chains which are of two 
sorts a peptide chains, beginning with the sequence valine— 
leucine, and B peptide chains, beginning with valine—histidine— 
leucine They are arranged about a two-fold axis of symmetry 
{according to Perutz et al , ror 15) perpendicular to the plane of 
e paper 


in the B cham?5?? 1s written as «,40,8 and the 
genotype as «4[o«4, 64/85 and «4j«4, DSJBS for the 
heterozygote and homozygote, respectively Hzmo- 
globm J, which 1s an « cham mutation?!, would be 
wiitten as «,/J8.4 and aT /a4, BAJBA in the heterozygote 

It ıs an mmportant feature of the chemical work of 
establishing the phenotype of the abnormal hæmo- 
globins that both forms of the genotype find then 
phenotypic expression The above sickle-cell hetero- 
zygote makes both hemoglobm A and S This is 
not necessary so and one can well magmo instances 
where the mutation might be so drastic or of such a 
nature that the phenotype—the corresponding chain 
—cannot be made We believe that some cases of 
thalassemia may fall mto this category 

We wish to propose that, m rts typical form, 
thalassemia is a mutation of the æ or the B gene of 
the adult serres, m no way different from those 
mutations which lead, for example, to hemoglobm S 
and OC, except that the consequent ammo-acid 
alteration does not change the electrophoretic 
behaviour of the hemoglobin or that the alteration 
18 so drastic that this particular chain 1s not made at 
all and therefore never observed So fai we have 
confined ourselves to mutations which effect ammo- 
acid substitutions at a pomt—pomt mutations It 
will be obvious that the above second class of altera- 
tions, leading to non-production of the cham, could 
also be caused by other types of mutations such as 
deletions, mveisions and substitutions involving a 
considerable number of &mino-acids 

It is assumed for the time bemg that the fom 
genes involved in, say, a4/a4, 84/84, act mdepen- 
dently and produce the cham peeuhar to them 
Thus, the genotype «l/x4, 64/845, 1f 16 existed, would 
produce «,J8,4 = Hb I, «48,4 = HbA, «48,5 = 
Hb S, «R.S = Hb X as yet unknown The 
elegant re-association expermments by Smger and 
Itano?* and of Vmograd, Hutchmson and Sehroeder?? 
have shown that real hybrid molecules, such as 
atg48,4, fo. example, do not occur naturally and 
cannot so faa be made n vitro It ıs also possible 
that a metabolic hnk exists between the « and the 3 
gene derived from a particular parent, such that the 
genotype «I[c4, B4JB5 makes only hemoglobin J and 
hemoglobin S There ıs as yet no definite evidence 
against this idea, but 16 seems to us unlikely 

One xnportant consequence of the theory is that 
thalassemias, which have always been diverse m 
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characteristics and distribution, can now be divided 
into two classes affectmg the « and the B gene 
However, withm each class, great diversity is just 
what one would expect, because the number of 
possible mutations leadmg to ‘non-electrophoretic 
substitutions’ must surely be very large They can 
differ m the particular ammo-acid affected provided 
that such changes do not lead to alteration in electro- 
phoretic behaviour, and consequently they can differ 
in, the extent to which the rate of synthesis has been 
altered On this basis the ‘thalasseemias’ range from 
mutant forms which are almost mdistmguishable 
from the normal, even by chemical exammation, to 
those m which the mutation is so drastic—lethal— 
that the hæmoglobin ıs not made at all The geno- 
types of such thalassemias might be written as «4 aX, 
B4/B*X or a4[«4, BX/B4, with many different alleles. 
(Superscript ‘X’ refers to the altered gene ) 

Although many such thalasseemuas are theoretically 
posmble, ın practice they need not form a contmuum 
Only some may be chnieally important and therefore 
recognizable 

One of the appealmg consequences of the hypo- 
thesis is that ıt provides an acceptable explanation 
of the cases where the thalassemia gene, when 
present together with a smgle hemoglobin S gene, 
suppresses the formation of hemoglobm A but not 
that of hemoglobm S. Previous ideas which post- 
ulated that thalassemia is & suppression of hamo- 
globin synthesis have come up agaist the difficulty 
that this suppression can act selectively against 
hæmoglobin A, but not agamst the abnormal hemo- 
globms such £s S, C and E, this is m spite of the 
fact that each of these differed by only 1 out of 280 
amuino-acids** from hemoglobm A and from each 
other We have always found such a situation 
dificult to visuahze If, on the other hand, thal- 
assemus 1s a mutation of, say, the B gene, then a 
sickle cell-thalassemia might have a genotype such 
as gå ja, BX/B5 This phenotype would not have the 
genetic equipment to make any hemoglobm A, but 
would produce hemoglobin S together with a reduced 
amount of «448,X (electrophoretically identical to 
&44B,4) As & compensatmg mechanism he would 
make hemoglobm F (x,4y,F), which has y chams 
mstead of B chams Alternatively, the genotype 
might be aX/o4, 84/83 if the subject has an « cham 
thalassemia In this case, synthesis of apparently 
normal hemoglobm A, which 1s really «,¥ B4, might 
go on to a small extent m addition to production of 
hemoglobm A, dependmg on the severity of the 
mutation Also the degree to which mereased pro- 
duction of hemoglobm F' 1s allowed or required might 
be expected to be very different m this second case, 
assuming a common « gene for hemoglobms A and F 

If the same « gene controls the production of the 
« chams of hemoglobin F and the « chams of hæmo- 
globm A, then individuals homozygous for severe 
a thalassemias should not be found In utero they 
would have very low levels of hemoglobm F, which 
would most hkely prove fatal in the absence of any 
compensatory effect This conclusion ımphes that 
all patients with thalassemia major are either homo- 
zygous for a B-cham defect, which would not interfere 
with the production of foetal hæmoglobin, or that 
they are doubly heterozygous for «- and f-cham 
defects, or else that they have a defect of a different 
type 
ve it should be the case that Kunkel’s hemoglobm 
A, also has « chains, which are similar to those of 
hemoglobins A and F, and if all these g chams ae 
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contiolled by one and the same ‘a gene’, then the 
two types of thalassemia would be expected to diffor 
in the extent to which the A -level should be affected 

A B cham mutation would allow an merease in A, to 
occur, whereas an « cham mutation would not Such 
differences in the level of A, m different thalassæmias 
are known to exist Nevertheless ıt would probably 
be unwise to throw out entirely the notion that 
thalassemia can act as a general suppressor of hemo- 
globi, synthesis The disease exists in so many 
varied forms that some of them may be of this type 

We aro postulating that the majouty of thalasssemias 
fall mto the class described by the ‘substitution’ 
hypothesis 


Application of the Hypothesis 


Silvestroni and Bianco? describe two families includ - 
ing a member having ‘microdrepanocytic disease’—or 
sickle cell-thalasseemia disease (seo Fig 2) 

The genotypes were deduced trom hematological 
examinations , details are not given in the paper, so 
the phenotypic expression of the thalassemia gene 
in the thalassemia munor cases is not known, the 
proportions of different types of hemoglobin were 
not measured We notice two marriages mvolving a 
person heterozygous for both thalassemia and sickle 
cell trait In one case (‘family 6’, Fig 2), such a 
man when married to a normal woman has a 
doubly heterozygous child, and m the other case 
(‘family 9’, Fig 2) when married to a woman with 
thalassemie mmor has a normal child The S change 
18 known to occur on the B cham of hemoglobm™.® 
and we assume this to be a case of the same hemo- 
globi] S These patterns of mheritance and the 
other statistics presented by the authors suggest 
that the gene for thalassemia and the gene for sickle 
cell anemia in these double heterozygotes are non- 
allelic and the pattern of mheritance can be explamed 
as follows by assuming the thalassemma to be of the 
« variety (Fig 3) Simce we cannot deduce whether 
the mother of ‘family 9’, who has thalassemia minor, 
has an « or a B thalassemia, the child with thal- 
assemue major m this famuly could either have two 
« gene defects, or an « and a B defect If the genes 
produce the appropriate chains mdependently, we 
would expect the double heterozygotes «X/x4, BA/BS 
to produce hemoglobm A m addition to S The 
reported data are not sufficient to corroborate this 
deduction 
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Fig 3 Genotypes of the families shown 1n Fig 2, but including 

only individuals with known phenotypes The vertical lines 

represent the a and 8 haemoglobin genes as marked + S denotes 
the sickle cell mutation, and + X the thalassemia mutations 








Neel?® described a faruly where a normal person 
and a person who appears to be heterozygous for 
both sickle cell anemia and thalassemia have two 
apparently normal children, one child and possibly 
a second with thalassemia minor, one and possibly a 
second with sickle cell-thalassemia disease, and one 
child with sickle cell trait In order to explain this 
in terms of the two hemoglobin genes, the thal- 
assemuia defects must m this case be on the a gene, 
this family, ‘kindred 60’ (Fig. 4), provides evidence 
for the idea that this thalassemia is on the æ gene, 
while the hemoglobin S mutation 1s on the ® gene 
The last series for sickle cell-thalasseemia disease are 
three families deseribed by Ceppellini2’, where the 
children of a normal person married to a person with 
sickle cell-thalassemua disease are erther thalasseemic 
or have sickle cell trait In one family of seven, three 
children have sickle cell trat and four have thal- 
assemia minor, while the other two families include 
three children each, and ii both cases two have 
sickle cell trait and one has thalassemia mmor In 
these three famihes mvolvimg thirteen children, six 
have thalassemia munor and seven have sickle cell 
trait, which suggests that the thalassemia defect 15 
in these cases on the hæmoglobin 6 gene, like hemo- 
globim S, since all the children inherit either sickle 
cell trat or thalassemia runor, with equal prob- 
ability ; ıb 1s, of course, impossible to reach definite 
conclusions using such small numbers The critical 
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family of Schwartz et al 1°, which includes cases of 
hæmoglobin S and G as well as thalassemia, 1s under 
re-evaluation and will not be discussed here 

Hemoglobin H It was recently reported?! that 
hemoglobm H ıs composed of four polypeptide 
chains, but that these are all of the B variety This 
agrees well with the physical behaviour and the 
instability of this hemoglobin 

According to Motulsky?*, such cases occur together 
with thalassemia minor in the family, and therefore 
it was postulated that “hæmoglobin H 1s only shown 
electrophoretically m the presence of thalassemia” 
On the other hand, Bingle et al% have reported 
hemoglobin H without apparent thalassemia 

Taking the first cases, two explanations are 
possible If it is true that the B chams of which 
hemoglobin H 18 composed are 1n every detail normal, 
then we may postulate that hemoglobm H occurs 
where two mild « thalassemias occur together 
(Fig 5b) One of these mght be so mild as to be 
not noticeable until together with the other The 
genotype a«X:[aX: B4/84 would manufacture a large 
excess of B chams which complex to form 4 = 
hemoglobm H In Fig 5a the person III 1 shows 
hemoglobm H and II 3 and III 4 show thal- 
assemia In the alternatrve explanation, the hemo- 
globin H B chains might have a non-electrophoretic 
change such that production of this cham ıs mcreased 
or such that when the proportion 18 mereased due to 
an « thalassemia, the BE chams polymerize prefer- 
entially In this case the genetic picture would be 
as shown in Fig öc 

In two families desciibed by Y'essas*?, hamoglobin 
H i8 transmitted from father to son, showing that 
the genes for hemoglobm H and thalassemia cannot 
be allelic, since they are both inherited from one 
parent In these cases, the second explanation, 
namely, that a non-electrophoretic change in the 
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f chain allows a preferential polymerization of excess 
B chams, must be preferred 

It might equally be expected that a hemoglobm 
composed of four « chains could be produced m 
circumstances similar to those leading to formation 
of hemoglobm H, namely, the presence of two mid 
thalassemia genes affecting the rate of synthesis of 
B chains, thus 

aA fad, BX1/BXs — x44B 4X1 + AABT + x44 

Alternatively, an altered « gene mught produce 
an x cham which could polymerize to give «,4, 
if œ chams tend to be produced m excess due to 
thalassemia 


Discussion 


Consideration of the families of patients with 
sickle cell-thalasszemia disease in terms of the hypo- 
thesis that the hæmoglobin, gene 1s really two genes 
has led us to conclude that the thalassenna defect, 
producing a hemoglobim havmg the same electro- 
phoretic mobility as normal hemoglobin, but at a 
reduced rate, may m some cases be located on the 
hemoglobin fl gene (Fig 6, case 1), and ım other cases 
is on, the hemoglobin « gene (Fig. 6, case 2) 

In case 1, since both copies of the hæmoglobin B 
gene are altered, one copy producmg an electro- 
phoretically distinct polypeptide cham, and the other 
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Case | Case 2 


Fig 6 The two possible genotypes to be expected 1n sickle coll- 
thalassemia disease 


producing a pseudo-normal cham but at a greatly 
reduced rate, ıt might be expected that the propor- 
tion of hemoglobin S to ‘normal’ hemoglobin should 
be higher than m the case of sickle cell trait, this 18 
observed m most cases 

In case 2, however, one copy of the hemoglobin « 
gene and one copy of the hemoglobin B gene are 
quite unchanged, so the proportion of hemoglobin 
A would be expected to be higher: than that of 
hemoglobm S, if (B4), 18 produced at a higher rate 
than (BS), as we have supposed It is significant 
that m the case of Neel's family (kindred 60) where 
the genotype can be deduced to be type 2, the 
proportion of haemoglobin S, as determined by later 
analyses, 18 22, 28 and 36 per cent m three indi 
viduals, in contrast to 60-80 per cent found m 
other cases of sickle cell-bhalassemia disease™ , 
further data on this pomt are needed Furthermore, 
re-examination of this famaly®* (kindred 60) has 
shown that the 4,level was not elevated m indi- 
viduals where the presence of a thalassemia gene has 
been deduced If A, has an « cham and the « gene 
responsible for its production 1s identical to that of 
hemoglobm A, such an « thalassemia would not be 
expected to allow the proportion of A, to rise, 
whereas a B thalassemia, while decreasmg the rate 
of synthesis of hemoglobm A by lowermg the rate 
of synthesis of B chains, should allow the level of A, 
to rise, 1f the « chains only are common 

In this connexion i6 1s mteresting to note that m 
two cases of thalassemia-hemoglobin C disease, 
where the genetic data are msufficient to establish the 
probable genotype, ın one family hemoglobm QC is 
present to the extent of 74-77 per cent*5, while in 
the other family ıt comprises only 29 per cent®* of 
the total hemoglobm This difference m interaction 
of the two genes may be due to the presence of 
different thalassemia genes m each case, one on 
the hemoglobin ß gene and the other on the hemo- 
globin « gene, respectively, as postulated for different 
cases of sickle cell-thalasseemia disease 

Further examination?! of the second family m the 
previous paragraph, where the thalassmmua is of the 
'non-mteraetmg' kind, showed that the parent from 
whom the thalassemia gene was tiansmitted did not 
have an elevation of A, This was also true of other 
children of the same parent, who also showed all the 
other characteristics of thalassemia mmor On the 
other hand, persons with thalassemia minor m the 
first family, with the ‘interacting’ type of thalassemia, 
showed m the original electrophoretic patterns an 
‘unidentified component’, later identified as hemo- 
globin A, (ref 38) at levels of 6—7 per cent 

It would be interesting to investigate the pro- 
portion of hemoglobin A, m individuals with thal- 
asseemia minor m these famulkes where different sorts 
of genotypes are proposed In many cases of thal- 
assemia minor, the level of A, 1s roughly doubled, as 
18 usually the case with the level of abnormal hemo- 
globm mn double heterozygotes , it 18 possible that a 
and B thalassemias may differ by allowmg or not 
allowing the proportion of A, to rise m compensation 
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where parents of children with thalassemia major 
were found having A,-levels within the normal range 
are very mteresting 

It is also important to remember that cases of 
parents of children with thalassemia major have 
been found who carry none of the characteristics of 
thalassemia minor, so apparently normal people 
may, in fact, carry a thalassemia geneë? 

This hypothesis as to the possible genetic and 
molecular mechanism mvolved m thalasszemua 18 open 
to expermental test, 16 would predict that m cases 
of thalassemia major the hemoglobm having the 
same mobility as hemoglobm A has a different 
amino-acid sequence, possibly bearmg the same 
relationship to normal hemoglobin as do the estab- 
lished ‘abnormal’ hemoglobms that have been 
studied in detail , namely, a difference m one amumo- 
acid Such a difference might be detected by analysis 
of the ammo-acid composition of peptides of hamo- 
globm A from normal and thalassemia major 
subjects 

It may be that the wide variability in expression 
of thalassemia ıs due to the possibility of the sumul- 
taneous presence of different types of genetic defect 
For example, the genotypes o-:[«4, 84/62» and 
«XijoX:, BAJBA might lead to different phenotypic 
expressions and to different severity of the disease 
Bearmg in mind the further possibility of a defect in 
hem synthesis, or other abnormalities, a wide spec- 
trum of clinical states might be expected 


An Alternative the ‘Tap’ Hypothesis 


Freese’ put forward the concept of chromosome 
structure m which genetically significant deoxyribo- 
nucleic acid alternates mn a linear arrangement with 
‘connecting units’ Based on this idea, we can con- 
struct a second hypothesis to expla the occurrence 
of thalassemias Freese’s ‘connecting units’ could 
be made of protem or of deoxyribonucleic acid and 
the structine of these umts, if protem, could be 
determmed by a small part of an adjacent deoxy- 
ribonucleic acid template It might be further 
assumed that these connecting units serve to activate 
or mactivate the genetic deoxyribonucleic acid which 
follows them In the case of the B cham gene, it 
might happen that a defect ın the connectmg unit 
preceding ib results ın this gene remamuing silent 
Therefore, B chains are not made and a 8 cham 
thalassemia results with its deficiency in hemo- 
globm Such a defect would be genetically controlled 
by an adjacent region of deoxyribonucleic acid, 
sufficiently close to the B cham gene to be indis- 
tmguishable by the presently available data m human 
genetics A similar picture would hold ın the case of 
a cham thalassemias The defect in activating the 
« or B. chain genes might be expected to range from 
zero to complete shut off, produemg a number of 
intermediate steps This explanation m which the 
‘tap’ 18 turned off differs fundamentally fiom the 
one presented in the previous sections, because here 
the « or B cham genes are assumed to be perfectly 
normal It is merely the degree to which they are 
activated that 1s affected When, under the ‘tap’ 
hypothesis, a cham ıs made at all, its amimo-acid 
sequence would be normal, even if 1b 18 made more 
slowly On the previous hypothesis, the ‘substitution’ 
hypothesis, the cham when made 1s expected to carry 
one oi more amuno-acid substitutions or deletions 
The genetic analysis presented m the preceding 
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section is valid m terms of both hypotheses since 
the gene and its ‘tap’ would be very closely Imked 
We have chosen to develop the ‘substitution’ hypo- 
thesis in greater detail because 1t 1s based on fewer 
assumptions than the ‘tap’ hypothesis 
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Summary 


We propose that thalassemia is a mutation of 
either the « or the B hemoglobm gene, of the same 
kmd as that observed in the abnormal adult hemo- 
globms, but without effect on the electrophoretic 
behaviour of the protem Such mutations would be 
expected to reduce, sometimes to nothing, the rate 
of production of that hæmoglobin 

We are grateful to Dr Park Gerald, Boston, and 
D: H Lehmann, London, for the help of many 
stimulating discussions We wish to expiess our 
thanks to the Medical Foundation, Ine , Boston, for 
a grant, and to the National Institutes of Health for 
a fellowship (A O W S8) 
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INTERNATIONAL MINERALOGICAL ASSOCIATION 
FIRST GENERAL MEETING 


INERALOGISTS from  nmeteen countries 

assembled in Zurich at the end of August to 
attend the first meeting of the International Mineral- 
ogical Association and afterwards to go on one of the 
two field excursions Many of those present had also 
attended the foundation meeting of the Association 
at Madrid m April 1958 There ıt had been laid down 
that the Association shall be an association of national 
mineralogical societies and pursue the am of further- 
ing the cause of mmeralogy in all ıts aspects To 
effect this, technical problems confrontmg muneialo- 
gists will be dealt with by special commussions, while 
scientific matters will be treated in symposia and 
eventually in publications sponsored by the Associa- 
tion The commissions (at present numbermg four) 
proceeded to deal with questions relatmg to abstracts, 
new minerals, mmeral data and museums, while at 
busmess meetings the statutes of the Association 
came up for discussion and amendment Two sym- 
posia were held of which a brief account will be given 
here The papers will be printed n extenso in a 
coming volume of the Estudios Geologwos published 
by the Instituto “Lucas Mallada” m Madrid 


Alpine Mineral Fissures 


The first symposium, held under the chairmanship 
of Prof E Wenk (Basle), dealt with Alpine mineral 
fissures To these may be assigned numerous occur- 


ienoes 1n Switzerland and also some in quite different 
regions Prof R L Parker (Zurich) outlmed the 
meam features of these deposits as shown by the Swiss 
locahties Though deservedly called "Alpine", the 
distribution m the Alps of such occurrences 18 localized 
and restricted to areas m which the interplay of 
mechanical forces and strength properties of the 
rocks ıs surtably balanced The resulting fissures 
are late- to post-tectonic im formation and fillmg 
and show no prolongation m depth They contam 
varied mineral assemblages which are considered to 
have crystallized from solutions deriving ther con- 
tents from the surrounding rocks The belief that 
this process (known as lateral secretion) was wide- 
spread m the Alps is supported by the quite general 
dependence of the fissure contents on the character 
of the country rock and frequently also by the 
presence around fissures of a zone of leached rock 
which seems to have been the source of the matter 
now contamed in the crystallized mmerals of the 
fissure Among these, quartz and adularia are 
praeueally ubiquitous 

The relationship of Alpine fissure minerals to those 
of the druses 1n the granite of Baveno was discussed 
by Prof G Fagnam (Milan) That such a comparison 
may be made is shown by the numerous minerals 
common to both types of occurrence These include 
not only widespread species such as quartz and 
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Orthoclase but scarcer ones also, and even some hke 
gadolmite and bazzite that are rarities m central 
Europe In spite of such simularrties, the Alpine 
fissures and the Baveno geodes actually have little 
in common Even the mmerals occuring in both 
show differences m habit which reflect the differmg 
modes of formation This 1s especially true of ortho- 
clase, which m the Alpme fissures 1s always developed 
as &dulama which never appears at Baveno The 
Baveno quartz, though well crystallized, lacks the 
wealth of forms prevalent m the fissures and never 
shows the Ticino habit with large acute rhombohedra 
found in some Swiss occurrences A significant 
paragenetic detail ıs the appearance of zmnwaldite 
mstead of muscovite as chief mica of the geodes 

Deahng with the origin of quartz as a fissure mmeral 
of the Alpme type m the USSR, Prof D P 
Gnigoriev (Leningrad) stated that numerous mineral 
occurrences in the Soviet Union aie assigned to the 
Alpine typo of fissure deposit A reason for domg so 
18 the possibility of establishing definite connexions 
between the counti y rock and the mmeral parageneses 
found m the vems and cavities m question Analytical 
results obtamed on unaltered country rock and on 
altered specimens from the vems provide corrobora- 
tive evidence As a special mstance of Alpme-type 
muneral genesis, Prof Grigoriev discussed the deriva- 
tion and crystallization of quartz found ın vems which 
are younger than the quartzite rocks m which they 
occur Many of the observed peculiarities of Alpine 
quartz relating to erystal habit, distortion, aggregate 
development, distribution, etc , have been traced to 
and explained by such factors as the number, distri- 
bution, and exposure of seed crystals, and the physical 
state of the cmeulating solutions, which may be 
saturated m respect to the large seed crystals of 
quartz while still unsaturated as regards the small 
ones The relative 1ates of crystallization of different 
munerals were also discussed and prove to be charac- 
teristic for a given locality though varying strongly 
from place to place 

Prof M A Kashka: (Baku) showed that in the 
Caucasus Mountains (which possess many points of 
similarity to the Alps) mineral deposits frequently 
occur which, judged by the applicable criteria, must 
be considered to be of a nature and formed by 
processes alin to those of the Alpine fissures 
Emphasis was laid on the wide distribution of so-called 
"hstvenites', which are metamorphic rocks consisting 
chiefly of quartz, carbonates, and chlorite besides 
numerous accessory constituents As these are some- 
times formed fiom hydrotheimal solutions, relation- 
ships between them and deposits of Alpme type can 
be established 

Prof J Lietz (Hamburg) deseribed experiments 
he has carried out on small cubes of colourless quartz 
designed to convert them into smoky quartz by 
electrolysis The cubes are placed between electrodes 
and treated m an electric field of 200—1,500 V Jem at 
temperatures of 700°-900° C The arrangement of 
the electrodes fundamentally affects the results 
obtained When the crystallographic axis of the crystal 
les m the direction of the field and each electrode 
completely covers one side of the cube, a front of 
colour appears at the anode and migrates towards 
the cathode, thus progressively fillmg the entire cube 
However, when the front has reached the cathode, the 
cube starts losing colour at the anode and finally 
becomes colourless agam When the anode only 
partially covers one side of the cube, the portion of 
the latter lymg immediately in front of the anode 15 
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coloured and discoloured as just described , whereas 
that pait of the cube not covered by the anode 
also assumes an intense dark colour which does not 
disappear and proves to be thermally stable up to 
1,000? C The phenomena agree well with the assump- 
tion that colour centres exist m the quartz lattice m 
the form of (A104) tetrahedra which yield an electron 
when eleetrolysed 

Prof F Laves (Zurich) spoke on the feldspars of the 
Alpine fissures and ther twmnmg While the twins 
of adulari& (potassium-feldspar with up to 10 per 
cent sodium) consist of a restricted number of 
individuals, albite (translucent sodium-feldspar) tends 
towards polysynthetic twins comprismg many 
individuals Such twmnmg may be the result 
of diffusive changes in the distribution of alummium 
and silicon m the lattice or of displacive transforma- 
tions due to a temperature-conditioned collapse of 
the structure However, polysynthetie twins some- 
times result from mechanical deformation when the 
distribution of alummium and silcon 1s sufficiently 
disordered The more opaque milky white variety of 
albite elongated after the b-axis and known as periclmo 
is twinned according to a law usually defined as a 
rotation of 180° about the b-axis Investigations 
show, however, that structural changes must have 
taken place after twi formation and be the reason 
why the mter-relation between the crystals only 
approxumates to this law, the ‘twin axis’ bemg 
actually an miational direction m (001) Leachmg of 
a primary anorthite content and its partial meta- 
somatic replacement by albite substance is a reason 
fo. this condition and causes numerous minute voids 
withm the crystals This accounts for ther milky 
appearance 


Twinning of Crystals 


The second symposium, the chairman of which was 
Prof Martın J Buerger (Cambridge, Mass ), had as its 
topic the twmnmg of crystals Prof Buerger’s own 
pape: was devoted to various aspects of twinnmg m 
general but with special regard to the boundaries 
between the twinned individuals While the low 
energy of such junctions 1s quite generally a most 
characteristic feature of twins, the latter may be 
connected either by coherent or mcoherent boundaries 
A common. type of coherent twin results from simple 
or more general stacking faults in the structure 
Ex-solution pairs, however, always have incoherent 
boundaries According to Prof Buerger, twins 
related by 3-fold, 4-fold and 6-fold rotations are 
certainly possible 

Dr H Curien (Paris), discussing the degree of 
symmetry which a twin axis may possess, recalled 
the behef held by Georges Friedel that twin axes 
may be of a 2-, 3-, 4-, or 6-fold character Exammmg 
each of these possibilities, Dr Curien considers un- 
likely those mvolvmg 3- or 6-fold rotations, for 
these could not brng about any strict comeidence 
of lattice planes belonging to the two participating 
crystals An example believed by Friedel to exem- 
plfy twmnmg by such an operation is the sagenite 
twm of rutile m which three crystals seemingly ^ 
occupy positions realizable by a 60° rotation around 
the a-axis However, this grouping can be accounted 
for by supposmg the well-known twm laws of rutile 
(reflexion on (011) and (031)) to be both operative 
They lead to posrtions deviating by only 10’, that is, 
by an amount withm, the experimental error, from the 
theoretical hexagonal positions Dr Curien accepts 
the possibility of twmning according to 4-fold axes 
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These will be oriented along lmes of mtersection 
between perpendicular planes present m all systems 
except the trichnic Such axes will, however, not 
produce actual comeidence of the nodes of the lattice 
planes, so that the ‘quality’ of such twins must be 
much inferior to that of ordinary ones 

Prof J D H Donnay (Baltamore) proceeded from 
the fact established by Georges Friedel that a crystal 
twims whenever there is a superlattice that has 
Qigorously or approximately) more symmetry than 
the actual lattice of the crystal Similarly, ıt seems 
that the presence of an appropriate sub-lattice may 
lead to twmning It was then shown that twining 
may also be explained in terms of the ‘lattice complex’ 
of Paul Niggh This term 1s applied to the assemblage 
of all hike atoms m a structure independently of its 
position m the space group When such a complex of 
atoms has more symmetry than the space group as a 
whole, the remaimmg atoms can distribute themselves 
m various ways which are related by symmetiy 
operations belongmg to the complex but not to the 
space group These are the operations by which 
certain types of twinning are achieved 

Dr P Hartman (Gronmgen) spoke on the twin of 
atacamite, the law of which is definable either as a 
120° rotation about the [950] direction or as one of 
180° about [544] The structural explanation hes, 
accordmg to Dr Hartman, in the parallelism of 
chain links m the structure and not of lattice rows as 
in ordinary twins This, however, recalls the manner 
m which crystals of different species sometimes grow 
together m oriented pairs This phenomenon is 
known as epitaxy, and Dr Hartman suggested that 
very close relationships exist between ıt and twinning 
This would mply the non-existence of 3-, 4-, and 
6-fold twin axes 

Dr W T Holser (La Habra, Cal) analysed the 
relations of symmetry and struoture at the boundary 
plane of a twm, extending his investigation to melude 
trans-boundary relations He ie-desoeribed Buerger's 
model of a trans-boundary growth step as a particular 
type of screw dislocation Twm stability 1s related 
to some measure of fit along the dislocation of the 
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SCHOOL OF PHYSICS WITHIN 


HE research activities and student numbers of 
the School of Physics within the University of 

Sydney, the head of which is Prof H Messel, have 
expanded so much durmg the past sıx years that a 
mayor reorganization has become necessary 

Henceforth there will be five departments within 
the School, the newly created departments are 
(1) The Basser Computing Department, (2) The 
Daily Telegraph Theoretical Department, (3) The 
Falkmer Nuclear Department, (4) The Wills 
Thermonuclear Department, (5) The Chatterton 
Astronomy Department 

The Basser Computing Department arises from 
the Adolph Basser Computing Laboratory with the 
electronic digital computer, Sulac I This computer 
has been a great success in Australa and largely 
responsible for opening up the computing field there 
Opened on July 1, 1956, Sulac I has run at high 
reliabibty since that date, and at present 1s occupied 
24 hr a day on a three-shift basis Work has or 1s 
being carried out for every University m Australia, 
two m New Zealand, for 20 government and semi- 
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step, which latter may be symmetrical or pseudo- 
symmetrical 

Prof T Ito (Tokyo) spoke on twmnmg as a buildmg 
principle of crystals and introduced the new concept 
of ‘space groupoids' as distinct from space groups 

Deahng with twmnng m diamond, Prof A 
Neuhaus (Bonn) first summarized some of the con- 
flietmg observations made on this munera] As a 
result of his own investigations, he considers 1$ certam 
that a tiansition between two modifications takes 
place but believes that only one is isometric He 
assigns this one («-diamond) to the O} crystal class 
while attributing rhombohedral (D,4-) symmetry 
of pseudo-isometric character to the other (6-dia- 
mond) Coarsely lamellated diamond seems to have 
evolved by natural tempermg from such material 
showmg finer alternations and arismg from the 
transformation of the origimal isotiopic substance 
Thus a distinction must be made between the true 
double-refraction. of 6-diamond and irregular effects 
due to stiams produced by (sub-) microscopic nelu- 
sions Primary «-diamond 1s stable at high pressures 
and temperatures above 1,500? K , whereas D-diamond 
is stable at lower temperatures Natural diamonds 
always belong to the B-modification and may either 
have been formed as such from the outset or be the 
result of a secondary a-B transformation In either 
ease twin lamelle will be present which are primary 
m one and secondary (mimetic) m the other Prof 
Neuhaus demonstrated a new phase diagram of 
carbon from which conclusions regarding the stable 
formation of diamond can be drawn and the differ- 
ences between Type-1 and IL diamonds explamed 

Dr I Sunagawa (Tokyo) described the growth and 
natural etch patterns observed with a phase-contrast 
mucroscope on the boundaries of hematite crystals 
formmg contact twins after (1010) The surface 
structures of the twin boundaries are difficult to 
explain as simple junctions m twin position effected 
durmg growth It seems, rather, that the mechanism 
of contact twinnmg mvolves processes of faultmg or 
shpping of the paiticipating lattices 

ROBERT L PARKER 
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government organizations and 87 private organiza- 
tions Some two hundred personnel throughout the 
country have attended courses on the computer and 
a postgraduate diploma course in automatic com- 
puting has been established 

Steps are now being taken to proceed with the con- 
struction of a much faster transistorized machine. 
Sulac I was constructed usmg the University cf 
Ilhnois design of Iikac The new computer m the 
Basser Department is likely to use the design of 
the new fast computer at present bemg built by 
the Ilhnois group The present cost 1s estimated at 
£A 575,000 These funds have still to be provided 

Dr John M Bennett ıs m charge of numerical 
analysis and the user end of Siulhac I, while Mr B E. 
Swire 18 chief engineer 

The Daily Telegraph Theoretical Department was 
established with a gift of £A 50,000 from Consolidated 
Press, Ltd The theoretical group which forms the 
basis of the newly created department always has 
been a strong one The appomtment of Prof S T 
Butler to the chair of theoretical physics should do 
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much to enhance the position of the Department 
Work ın the Department 1s centred on nuclear, solid- 
state, low-temperature, shower and field theory 

An origmal gift of £A 50,000 by Dr G B S 
Falkiner was used to establish the F B S Falkmer 
Nuclear Research Laboratory in memory of hus father 
This Laboratory, with twenty scientists, has been 
working during the past six years on various aspects 
of cosmic radiation and forms the basis of the new 
department At present there are two large groups 
One ıs speciahzing in the use of nuclear emulsions 
for the study of the primary cosmic radiation and 
high-energy jets, the second group 1s concerned 
with a large-scale study of extensive air showers 

Considerable expansion of the efforts withm the 
Department have taken place since the appomtment 
of Prof C B A McCusker as leader of the cosmic- 
ray team of workers Further expansion m the work 
of both the emulsion and extensive air shower groups 
is taking place at present 

The equipment from the large Culham air shower 
experiment which was run by the Harwell group m 
England arrived ın Australia earlier during the year 
and has now been mtegrated into the former air 
shower experiment m Sydney The American Air 
Force m Texas has recently flown £5,000's worth of 
nuclear emulsion for the emulsion group to a height 
of 126,000 ft Balloons of 3,000,000 cu ft capacity 
were used The flights were made gratis The 
emulsion 1s to be processed in Chicago usmg the large 
developing facilities available in Prof Marcel Schein’s 

rou 
i The Wills Thermonuclear Department 18 a new one 
and has been made possible by a gift of £A 50,000 
from W D and H O Wuls (Australia) Ltd m 
Sydney The gift will be used for providing some 
of the mutial research equipment required by the 
Department The creation of a thermonuclear 
department m the School 1s in keeping with recent 
developments overseas ın the thermonuclear field, 
where there has been a marked tendency for the 
research effort to swing back from large-scale engin- 
eering attacks to work of a more fundamental nature 
and on a smaller scale It will also allow Australia 
to partake from an early stage nm this exciting field 
of research 

The appomtment of Prof O N Watson Munro, 
chief scientist of the Australian Atomic Energy 
Commission, to the chair of thermonuclear physics 
18 m keeping with his experience m the nuclear field 
He was one of the pioneers mm the nuclear reactor field 
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and it is his wish now to try to pioneer some of the 
work in the thermonuclear field 

The Chatterton Astronomy Department will have 
two groups One group will use a 40-in reflecting 
telescope with auxilary photoelectric equipment to 
consider problems m astronomy, the interpretation of 
which reles heavily upon physics The contract for 
the instrument-will be placed durmg 1960 and the 
instrument should be installed durmg 1961 Total 
initial cost of the project will be around £A 100,000 
The site for the instrument has still to be determmed, 
but 1s highly likely to be situated at a jomt Mount 
Stromlo-Sydney School of Physics field station 
A survey for the site 1s at present bemg carried out 
by the Mount Stromlo group 

The second group will m the first instance be con- 
cerned with work using an intensity mterferometer 
(at a later date a general mterferometry group will be 
built up) This mstrument, the first of 1ts kind to be 
built, 18 based upon the work of two British scientists, 
Mr Hanbury Brown of the University of Manchester 
and Dr R Q Twiss, who ıs a member of staff of the 
Chatterton Astronomy Department The instrument 
will be used for measurmg the temperature and 
diameter of stars—both very 1mportant quantities in 
astrophysies 

The contract for the instrument has been let m 
England and the mterferometer will arrive m Aus- 
tralia, towards the end of 1960 The site for the field 
station at which the instrument will be erected is 
likely to be at Narrabri, New South Wales—-about 
370 mules north-west of Sydney Initial cost of the 
project will be m the neighbourhood of £A 175,000 
Initial funds for work m the Astronomy Department 
were provided by a grant of £4 50,000 from Mr Stan 
Chatterton, a promment member of the Nuclear 
Research Foundation within the University of 
Sydney 

It will be noted that the five new departments 
withm the School of Physics form an integrated 
research effort The work of all the departments 1s 
closely hnked and has been chosen with that purpose 
mmind It should allow Australia to make an ever- 
inereasing contribution to furthering new knowledge 
in these fields 

The Nuclear Research Foundation withm the 
University of Sydney has been responsible for the 
provision of the major funds for the research effort 
in the School of Physics A sum approaching 
£A. 1,000,000 has been raised m various ways during 
the past six years 
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Dr H H Potter 


Tum death ıs announced of Dr Harold Herbert 
Potter, lecturer in physics in the University of 
Bristol from 1924 until his retirement last summer 
owing io ill-health Dr Potter was a graduate of 
Bristol, who spent four years at King’s College, 
London, as the holder of an 1851 Exhibition before 
returning to Bristol At King’s College, under O W 
Richardson, he carried out accurate measurements 
on the proportionality between mass and weight, and 
showed that the ratio 1s independent of the natue of 
the material within an experimental error of fifteen 
parts m a million 


To workers m tbe field of magnetism, Potter was 
well known for lus mvestigations in Bristol in the 
field of ferromagnetics, both m collaboration with 
Sucksmuith and independently between the two World 
Wars This work included specific heat measure- 
ments through the Curie pomt, the magnetic 
properties of single crystals and them correlation 
with crystal structure, includmg Heusler and other 
magnetic alloys, and the electrical resistivity of 
nickel and non from 20° to 1,200° K 

As an experimenter, Potter’s work was careful, 
rehable and important ın its period, 16 will also 
stand the test of time In addition, he was a keen, 
effective and popular teacher of undergraduates 

He leaves a widow but no children 
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NEWS and VIEWS 


Chemistry at Bedford College, London. 
Prof. E. E Turner, FRS 


THE 1etirement ıs announced of Prof E E Turner, 
head of the Department of Chemistry at Bedford 
College, University of London Piof Turner received 
his early education ın the Coopers’ Company School, 
m Queen Mary College, and m Sidney Sussex College 
He was assistant (chemical warfare research) to Sir 
Wilham Pope, and he also served in the Research 
Department, Royal Arsenal, Woolwich His fast 
teachmg appomtments were in the University of 
Sydney and in Queen Mary College Later, he was 
reader (1928—44) and professor (since 1944) at Bedford 
College, University of London He 1s a Fellow of 
Queen Mary College, Freeman of the City of London, 
and Liveryman of the Coopers Company He was 
elected to the fellowship of the Royal Society m 
1939 Prof Turner has made most distmguished 
contributions to reseaich in organic chemistry, m- 
cluding especially stereochemical problems, such as 
molecular dissymmetry dependent on restricted 
rotation about a single bond m diphenyl and other 
compounds, asymmetric synthesis and transforma- 
tion He is Joint author (with Margaret M Harris) 
of a well-known text-book of organic chemistry 
Prof Turner’s services to chemistry m. many fields 
are fei too numerous to mention, to give but one 
example, his colleagues m the University of London 
recall with pleasure and gratitude his many yeais of 
service on the Board of Studies in Chemistry, first as 
secretary and later as chairman 


Prof P. B D de la Mare 


Dr P B D pE wa Manz, who ıs to succeed Prof 
Tuner, was educated at the Hamilton High School 
and Victoria University College, New Zealand His 
interest and flaw for research in physical-organic 
chemistry was first shown in important papers, in 
collaboration with Prof P W Robertson, on the 
addition of halogens to olefins Following his degree 
work at Wellmgton, he was directed for national 
service to the New Zealand Government Department 
of Agriculture, where he worked on problems of 
nutrition and the chemistry of lipids with Dr F B 
Sholand Durmg 1946-48 he held a University of 
New Zealand fellowship at University College, 
London, and he was awarded the Ramsay Memorial 
Medal in 1948 Since that tıme he has been a member 
of staff of University College, where he 1s at present 
a reader m chemistry He has made most notable 
contributions to the study of addition, substitution 
and re-arrangement processes in organic chemistry 
He 1s a co-editor, with Dr W Klyne, of ‘Progress m 
Stereochemistiy", vol 2, and a co-author, with Dr 
J H Rudd, of “Aromatic Substitution —Nitrataion 
and Halogenation" He is a member of the Pub- 
lications Committee of the Chemical Society and of 
the Joint Library Committee It 1s evident that the 
established traditions at Bedford College will continue 
to grow under Dr de la Mare's dnection 


Pierre Joseph van Beneden (1809-94) 


Tux distinguished Belgian zoologist, parasitologist 
and paleontologist, Pierre Joseph van Beneden, was 
born at Malmes 150 years ago on December 19, 1809 


After graduatmg MD at Louvam, he abandoned 
medical practice for natural history, but all his hfe 
maintained a keen interest in those branches of 
medicine which are aided by the study of the lower 
organisms In 1831 he was appointed conservator of 
the Natural History Museum ın Louvain, and in 1835 
professor of zoology at the University of Ghent In 
the following year he was elected to the corresponding 
char at Louvain, which he occupied until his death 
In 1843 he established at his own expense one of the 
earhest laboratories of marine zoology and aquaria 
Author of some 200 brochures, his best-known works 
are “Zoologie Médicale” (1859) and “Ostéographie 
des Oótaeóes Vivants et Fossiles” (1868-80), both 
witten m co-operation with Paul Gervais, and “Les 
Commensaux et les Parasites dans le Régne Animal" 
(1875, English translation, ‘‘Anmal Parasites and 
Messmates”, 4th ed, 1889) He made ongmal con- 
tributions to scientific knowledge of the development 
of polyp: and of worms, both intestinal and. vesical, 
was tho fist to distinguish between ‘commensalisme’ 
and ‘mutualisme’, and enriched the cataloguo of 
cetaceous fossils by several new species Recrpient of 
many honours, he was & foreign member of the Royal 
Society and of the Linnzan, Geological and Zoological 
Societies of London, and m 1881 served as president 
of the Royal Belgian Academy In 1886 he was 
created Grand Officer of the Order of Leopold A 
modest and kindly man, he died at Louvam on 
January 8, 1894 His fame has been eclipsed by that 
of hus son, Edouaid van Beneden (1846-1910), the 
embryologist 


Astronomy for the Layman 


Iw a series of articles m the Illustrated London News 
early in 1959, Di R A Lyttleton described the 
astronomical universe starting at the Earth and 
working outwards These articles proved of gieat 
interest, and consequently the Illustrated London 
News 1s publishmg a second series of astronomical 
articles, this tune they are wiitten by Prof H 
Bondi, of King’s College, London The first appeared 
on October 31, and the remammg eleven articles are 
followmg at weekly intervals As before, the articles 
are accompanied by photographs and by illustrations 
drawn by Mr G H Davis, the special artist of the 
Illustrated London News Prof Bondi started with 
the most distant objects observed, and will work 
inwards in later articles After some pielimmaiy 
remarks on the philosophical basis of science he 
discusses the expansion of the universe His second 
article discusses the famous paradox of Olbers (Why 
18 1t dark at night’), and this 1s followed in the third 
and fourth articles by an account of the evolutionary 
and steady-state theories of cosmology and of possible 
observational tests of these theories In subsequent 
articles Piof Bondi will discuss the stars, mterstellar 
and interplanetary space and gravitational problems 
in the solar system, ending with the motion and 
magnetism of the Earth 


Management in Ind'a 


Ix her five-year plan, India is trying democratically 
to meet the desperate needs of hex peoples for better 
living conditions Industrialzation is proceeding 
rapidly, and it 1s encouraging to read how leaders of 


1914 


industry im India aie not only trymg to avoid the 
mistakes made by Western countries during ther 
industrial revolution but are also seekmg to utilize 
the best practices of the best industrial organizations 
m Western countries The Ahmedabad Textile 
Industry’s Research Association has attracted interest 
for the attention 1b 1s paymg to the mdustrial appli- 
cation of reseaich, the use of work study, and tbe 
tiamung of technologists and technicians Its latest 
venture is the holding of a conference deriving ita 
inspiration from HRH the Duke of Edmburgh’s 
Study Conference on the Human Problems of Indus- 
trial Communities within the Commonwealth and 
Empire Many of the subjects selected for study 
were the same as those arranged at the Duke of 
Edinburgh’s conference at Oxford It was particu- 
larly appropriate that the Duke was able to open 
the conference, while another distinguished speaker 
was Su Alexander Fleck The proceedings of the 
Conference (Ahmedabad Textile Industry’s Research 
Association Proceedmgs of the Fifth Management 
Conference, January 28, 29 and 30,1959 Pp ix--93 
Ahmedabad Ahmedabad Textile Industry’s Re- 
search Association, 1959) have now been published 


A Giant Plesiosaur 


ABOUT sixty years ago a fossilized piece of the 
mandible of a large skull, with three broken teeth 
preserved on each side, was found 1n rocks of the 
Lower Cretaceous near Hughenden, Queensland 
The specimen, which is m the collection of the 
Queensland Museum, 1s about 8 in long and 54 m 
in height and breadth The imperfect teeth were 
estimated to have been orginally at least 10 m 
long The fragment was tentatively identified as a 
portion of a mandible of an ichthyosaurus In 1923, 
the late Mr Heber Longman, then directo: of the 
Queensland Museum, decided that 1t belonged to a 
new type of plesiosaur, and the animal was named 
Kronosaurus queensiandicus In 1981, Mr Wilbam 
Schevull, of the Museum of Comparative Zoology at 
Harvmd College, USA, while passmg through 
Army Downs, North Queensland, noticed a number 
of fossil bones partly showmg m the Lower Cretaceous 
rocks Four and a half tons of rock was blasted out 
with dynamite and packed and despatched to the 
Museum at Harvard After its arrival, Arnold Lewis, 
a Museum assistant, attempted to free the bones 
from the hard rock About six months ago this work 
was successfully completed, and the skeleton was 
put together under the direction of the Museum 
director, Dr Alfred S Romer The skeleton is 42 ft 
m length It has a tmangular-shaped skull, 9 ft 
long, with eighty spiked teeth each up to 8 m m 
length The characters of the teeth and mandible 
are identical with those of the mandible fragment 
recorded by Longman m 1923 (Austral Mus Mag, 
13, No 2, June 15, 1959) 


Syncarid Crustacea 


UNTE recently only one syncarid was known from 
the Australan maimland (Austral Mus Mag, 13, 
No 2, June 15, 1959) This is Koonunga, which 
was described in 1907 Originally 1$ had been found 
at Rmgwood, now an outer suburb of Melbourne, 
and the stream in which it lived was long ago con- 
verted to a storm-water dram In 1930 16 was 
reported that Koonunga was extinct During the 
past few years ıb has turned up in a variety of places, 
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and 1s now known to occur sporadically across the 
southern, part of Victoria Koonunga is about one- 
thud of an inch long, brownish m colour, and has a 
slender, almost cylmdrical body Its eyes are very 
small, and, unlike those of Anaspides and shrimps, 
are not stalked It can swim actively, using its legs 
and abdominal appendages, but 13 more often found 
running rapidly over the bottom of pools and streams 
This method of locomotion is so distmetive that 
Koonunga cannot be mistaken for any other aquatic 
animal It relies on its agihty and on its capacity 
for burrowing into mud to escape from enemies, for 
it is helpless against predatory aquatic msects 

Koonunga lives m small permanent or semi- 
permanent swamps and m pools im streams which 
flow vigorously only after heavy rams Since many 
of these places are apt to become diy durmg the 
summer, and smce the adults cannot withstand 
desiccation, 1b had been supposed that Koonunga, 
like so many other freshwater crustaceans, would lay 
diought-resistant eggs It 1s now known, however, 
that the breeding season is during winter The eggs, 
which are inserted smgly or in small batches mto 
decaying plants, develop over a period of about two 
months and hatch m the sprmg It appeared that 
Koonunga could survive drought only by descendmg 
underground, they have been obtamed from pits 
2-3 ft deep m the beds of dried-out streams 
Koonunga can burrow swiftly into soft mud, but 
would not seem capable of foreing its way through 
heavy subsoil The indications are that, m making 
its descent, ıt uses the burrows of freshwater cray- 
fish These erayfish are known to follow the water- 
table down to a depth of 6 ft or more, and could 
thus provide a safe refuge for Koonunga durmg 
periods of drought In some places Koonunga must 
remain underground contmuously for six months or 
more From this modo of life ıt would seem only a 
short step to a wholly subterranean existence, and 
work m Victoria over the past few years mdicates 
the presence of a rich underground fauna of synearids 
Already, four new species have been found They 
lack eyes, and have suffered a general reduction m 
pigmentation so that they have a translucent, white 
appearance The largest species 1s nearly half an inch. 
long, the smallest only one-sixth of an meh Though 
these syncarids are typically subterranean in habit, 
they may, in special circumstances, live in suiface 
water, and this 1s wheie they have been found 
Pools are advantageous to syncaiids in that few 
othe: aquatic animals live in them and there 1s little 
competition The survival of Anaspides almost un- 
changed since Paleozoic times has been attributed to 
its living m a stable environment and to its freedom 
fiom predation Conditions on the mainland are less 
stable Koonunga and its allies would seem to owe 
them survival to thew close association with the 
freshwater and land crayfishes 
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The Liverpool Geological Society 


Tux centenary of the Liverpool Geological Society 
will be celebrated during January 1-3 by a three-day 
meeting devoted to recent advances m geology At 
this meeting, run jomtly with the eighth Inter- 
University Geological Congress m the University of 
Liverpool, the following addresses will be delivered 
Dr W S Mackenzie, on “Experimental Petrology” , 
Prof S I Tomkereff, on “The Progress of Geology 
inthe USSR”, Dr G Voll, on “Petrofabries and 
Small-scale Structures" , Prof C F Davidson, on 
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"Aspects of Radiogeology”, Dr R W Girdler (m 
the absence of Dr R G Mason), on “Geophysical 
Researches on the Sea Floor", Dr J A Clegg, on 
"Paleomagnetism" , Prof W OC Krumbem, on 
‘Numerical Data m Geology”, In L M J U van 
Straaten, on “Deltar Sedimentation”, Dr R H 
Cummings, on ‘‘Micropaleontology”, In J $ 
Wemer (n the absence of Prof T S Westoll), on 
“Sequences m Homunoid Evolution" The address 
by Prof T S Westoll on “Vertebrate Palxontology”, 
though not given at the meeting, will be published 
with the othe: addresses in January ın the centenary 
issue of the Lwerpool and Manchester Geological 
Journal Dr Clegg’s and Di Wemer's addresses 
will be published ın abstract Details of the meeting 
can be obtamed from R G C Bathurst, Department 
of Geology, University of Liverpool 
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The Night Sky in January 


Furr moon occurs on Jan 13d 23h 51m vu and 
new moon on Jan 28d 06h 16m The following 
conjunctions with the Moon take place Jan 10d 
09h, Aldebaran 07° S , Jan 25d 08h, Jupiter 
5°S , Jan 25d 15h, Venus 4°S In addition to 
these conjunetions with the Moon, Venus is in 
conjunction with Antares on Jan 9d 04h, Venus 
being 7° N, Meieury with Saturn on Jan 1ld 04h, 
Mercury bemg 1 8° 8, Venus with Jupiter on Jan 
21d 11h, Venus bemg 1 1? N , and Mars with Saturn 
on Jan 31d 11h , Mais bemg 1 2?8 Mercury 18 too 
close to the Sun for observation Venus 18 a morning 
star, visible low in the south-east before sunrise It 
rises at 4h 40m and 5h 45m on January 1 and 31, 
respectively Its stellar magnitude is — 3 6, its 
distance increases during the month fiom 98 to 116 
milhon miles and the visible portion of the apparent 
disk mereases from 0 714 to 0 809 Mais ıs badly 
placed for observation, 11smg about an hour befoie 
the Sun Jupiter is a moinmg star, rismg at Gh 30m, 
5h 50m and 5h 00m on January 1, 15 and 31, 
respectively It may be seen low in the south-east 
before sunrise, its stellar magnitude i$ — 14 
Saturn 1s too close to the Sun for observation 
Occultations of stars brighter than magnitude 6 are 
as follows, observations bemg made at Greenwich 
Jan 10d 17h 39 7m, 318 B Tau (D), Jan lld 
17h 419m, 130 Tau (D), Jan 12d 20h 12 7m, 
26 Gem (D) Defers to disappeaiance The Quad- 
rantid Meteors are active on January 3-4, with a 
predicted maximum at Jan 4d 05h The radiant is 
nea RA 15h 28m, Dec + 50°, and conditions are 
favourable for observation The Earth is at pər- 
hehon on January 4, 1ts distance from the Sun being 
91 4 milion miles , 


University News Birmingham 


Dr A P D TmuousosN, senior lecturer m anatomy, 
has been appointed acting director of the Department 
of Anatomy as fiom January 1 The following appoint- 
ments have been made Dı D S Urch, lecturer in 
chemistry, J C Maltbaek, lecturer in mechanical 
engmeering, G C-Y Hu, lecturer in lughway and 
tiaffic engmee:mg, G H J Bennett, lecturer in 
industiial metallurgy Dr C G Wall, lecturer in 
chemical engineering , R H Jones, assistant lecturer 
m civil engineering, P J Waterton, staff Fellow in 
physics, Di V Knapp, research Fellow in nuclear 
physics, Dr M Gage, research Fellow in geology , 
M H B Hayes, I CI Fellow in chemistry , Dr J P 
Simons, Fellow m chemistry, D W Thomas, 
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National Coal Board research Fellow m physical 
chemistry 


Glasgow 


THE Mister for Science, the Right Hon the Vis- 
count Hailsham, was elected Rector of the University 
on October 26 

The new Engineering Building was maugurated by 
the Right Hon the Viscount Montgomery of Alamem 
on November 4 

The following have been appointed to lectureships 
R E Azuma and W R Hogg, experimental and 
theoretical physics, Helen S Dunsmore and G § 
Harris, chemistiy, W Graham Jardine, geology , 
and J Leech, computing laboratory, and the 
following to ieseamich fellowships A Bhat, A C 
Day, W J McMaster and W Parker, chemistry , 
J D Roycroft, sohd state physics, and Wm C 
Russell, virology (fist Lock fellowship) 

For the piesent session, 392 new students (302 
men and 90 women) have been admitted to the 
Science Departments, compared with 372 in 1958 
The total of matriculated students m the University 
as a whole now stands at 6,566, compared with 6,330 


Southampton 


Tux followmg appomtments have been announced 
Dr E M Wilson, senior lecturer and duector of 
computation, Mi P C Parks, lecturer in aeronauta- 
eal engineermg , Mr G G Bloodworth, lecturer m 
electronics, Mr J F Barrett, De Havilland 1esearch 
Fellow im aeronautical engmeermg, Mr M T 
Thew, Vokes research Fellow m mechanical engmeen - 
ing 


Announcements 


Tue fifth Levinstem Memorial Lectme of the 
Society of Chemical Industry will be delivered by 
Mr L H Willams on February 5 He will speak on 
“The Future of Chemicals from Petroleum" and the 
lecture, which ıs open to the public, will be given m 
the Large Chemistry Theatre, University of Manches- 
ter at 6 30 pm 


TE British Welding Research Association and the 
Engineering Department, the University of Cam- 
bridge, are jomtly organizing a symposium unde: the 
title of "Fatigue of Welded Structures" This is to 
be held in the Department of Engineering at the 
University of Cambridge durmg March 29—-Apiil 1 
Further information can be obtamed from the 
British Welding Research Association, Abington 
Hall, Abington, Cambs 


A POSTGRADUATE course of nine lectures on “Newer 
Developments m the Chemistiy of the Non-Metals” 
will be given at Kingston Technical College during 
January 27-Mareh 23 ‘The fee for the cowse 1s 
£1 2s 6d Further information can be obtamed fiom 
the Principal, Kingston Technical College, Fassett 
Road, Kingston-upon-Thames 


Kopax, LTD , are offermg up to six annual schola: - 
ships to be known as “Kodak Scholarships 1n. Colour 
Photography" Successful candidates will be given 
about three months specialized instruction in the 
laboratories and studios of the Eastman Co m 
Rochester, New York Approved expenses will be 
paid Fwther information can be obtamed from 
the Secretary, Kodak, Ltd, Kingsway, London, 
wCca2 
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BRITISH AGRICULTURAL HISTORY SOCIETY 


HE British Agticultural History Society held its 

annual winter conference, in co-operation with 
the Association of Agriculture, at the Institute of 
Education, University of London, on December 5, 
under the chairmanship of its newly elected president, 
Sir Kerth Murray, who was welcomed with acclaim 
Sir James Scott Watson retired this year after having 
been president of the Society since 1ts inception 1n 1958 

Unfortunately, sudden illness prevented Mr W B 
Mercer from attendmg to give his proposed lecture 
on the “Development of Agricultural Education and 
Advisory Services" This hiatus m the programme 
was ably filled by Mr T W Fletcher, of the Depart- 
ment of Agricultural Economics, University of Man- 
chester, with a paper on ‘Lancashire Livestock 
Farming in the Great Depression" 

Mr Fletcher, whose views on the farming history, 
especially of Lancashire, in the past three decades of 
the nmeteenth century are somewhat revolutionary, 
showed that the livestock farmers of Lancashire did 
not, ın fact, suffer m the depression On the contrary, 
their standards of output, purchase of imported. con- 
centrates and other feedmg stuffs, as well as their 
incomes, improved The reasons for this were not fai 
to seek The local demand, both number of urban 
mouths and size of urban mcomes, was growing 
Consequently, the livestock farmers had a market, 
so to speak, on their doorstep for all the milk, butter, 
cheese, beef, mutton and pork that they could pro- 
duce On the east side of the county, too, there was 
a large demand from the West Riding mdustrial 
district In such circumstances, 16 15 not surprising 
to learn that rents were well paid and stable, and 
that relations between landowners and tenants were 
amicable 

The afternoon session was opened by Mr O R 
McGregor, reader in social mstitutions, University 
of London, with a paper, “Free Trade in Land in 


NATIONAL RESEARCH 


TRESS has been laid on a recent report on the 

support given to postgraduate research in the 
universities of Canada, for which some 34 million 
dollars have been. provided by the National Research 
Council of Canada since 1917* In the current year, 
5 9 millon dollars were provided for this purpose by 
way of 681 grants and 435 scholarships, fellowships 
and associateships, and expenditure is expected to 
reach 8 2 million dollars m 1959-60 The Council 
itself employs a scientific research staff of 613 (in- 
cluding 149 postdoctorate Fellows), 883 technicians 
and 887 general service and administrative staff 
Much of the work of the Division of Apphed Biology 
1s ın the applied field, and its statistical studies of 
short-term protem variability m cargoes of Northern 
wheat exported from Vancouver were expanded (in 


* Forty-Second Annual Report of the National Research Council of 
Canada, 1958-59, including the Annual Report of Canadian Patents 
and Development Yamited Pp 26 (Ottawa Queen's Printer, 1959 ) 


the Vietoiiin Pernod? Mr McGregor argued, m a 
way that would certainly have pleased Maitland and 
Vinogradoff, that m any event for the nmeteenth 
century the study of the social mstitutions sur- 
rounding farming was more unportant than the study 
of the development of technical changes With wide 
reference to contemporary dialectic he emphasized 
the conflict between the rising class of urban indus- 
trialists and of the small number of great landowners 
(not more than about a thousand) who were striving 
by all means to retam ther dominance of the political 
scene, and the prestige and patronage, for example, 
in Army and Church, that derived from ıt He 
emphasized that the landowners, who used every 
possible device to prevent the break-up of estates— 
primogeniture, entail and settlements—regarded the 
land not so much as a rent- or food-producing com- 
modity, but as a possession of social value This 
outlook coloured their relation with their tenants, 
whom they wished to keep imn mercy as tenants-at- 
wil, and their attitude towards the inereasmgly 
wealthy and pugnacious middle classes who demanded 
‘free t1ade m land’ It was significant that so many 
members of the House of Commons before 1870 were 
landowners and land agents, not to speak of the 
House of Lords This lecture certamly provided a 
new approach to the problems of farmmg history in 
the nineteenth century 

Finally, Miss Edith Whetham, Gilbey lecturer m 
the history and economies of agriculture, University 
of Cambridge, discussed “Cambiidgeshire Tithe Maps, 
1836-1890" She said that the county was backward 
in. 1836 and that the tithe maps therefore gave a fine 
illustration of the change from open to enclosed fields 
m many parishes She did not develop the subject 
at length, preferrmg to allow the documents ex- 
hibited, and the photostats passed around, to confirm 
it for her G E FUSSELL 


COUNCIL OF CANADA 


co-operation with the Gram Research Laboratory 
Board of Gram Commussioners) to permit accounting 
for this variability as the resultant of random differ- 
ences between successive car loads from the same 
shipping point, of weekly variations in the geo- 
graphical pattern of car-loads, and of mixing moer- 
dental to teimunal memg, handling and loading A 
study of the effect of exposure on new-born caribou 
indicated that caribou calves are quite sensitive 
to cold and wind, to which they respond by a 
marked increase in metabolism Investigations are 
also 1n progress on the fundamental properties of the 
hemicelluloses of common pulpmg woods, designed 
to assist pulp-makers in the production and use of 
semi-chemical pulp, but the report emphasizes that 
the biological sciences occupy an unfavourable 
position in the overall Canadian scientific effort 

At the Atlantic Regional Laboratory, Hahfax, a 
chelating chemical as a dip before frymg was found to 
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prevent 'greying! in the production of partly pre- 
cooked French fried potatoes, due to an abnormally 
high content of non 1n the environment, while at the 
Prairie Regional Laboratory, Saskatoon, gas~hquid 
chromatography has been used for the quantitative 
determination of fatty acids ın oils and fats, and a 
new type of foam breaker developed which operates 
on the prmeiple of rapid acceleration of the foam 
through a nozzle, using only pressure from aur 
charged mto the fomenter The work of the Division 
of Applied Chemistry has gradually changed m 
recent years in an effort to obtain broader information 
m specific fields so that ad hoc problems have received 
less attention Much of its work is related to petro- 
leum and corrosion chemistry In the Division of 
Pure Chemistry, which 1s organized in thirteen 
sections, outstandmg achievements of the year were 
the determmation of the total structure of aconitine, 
the establishment of characteristic zone patterns for 
each type of functional group, following the determ- 
mation of the infra-red spectra of many steroids, and 
the development of the new technique, known as 
nuclear magnetic resonance, m which the nucleus 
within. a molecule is used as a ‘probe’ to mvestigate 
details of molecular structure 

The Division of Applhed Physics has produced a 
new kind of plotting instrument for making maps 
from air photographs, and the Division is also 
investigating the suitability of usmg for the measure- 
ment of time an mvamable frequency of vibration 
emitted by some atom or molecule, and observations 
over six months have shown promismg agreement of 
the cesium ‘clock’ with the one at the National 
Physical Laboratory, Teddington Much cosmic-ray 
work was carried out for the International Geo- 
physical Year by the Division of Pure Physics, and 
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micro-wave technique was used to determine pre- 
cisely the distances between the atoms m molecules 
of acetone, propiolic aldehyde, vmyl cyanide, nitric 
acid, methyldifluorsilane and formamide, while a 
detailed theory has been developed which appears to 
be m excellent agreement with expermental data 
on the multiple scattermg of charged particles 
The thermoelectric powers of copper and silver, 
among others, at temperatures much below 1° 
absolute have been found to be extraordinarily high, 
higher by orders of magnitude than present-day 
theory predicted 

In October 1958 the new Fire Research Building 
was officially opened as the final part of the Building 
Research Centre, and in its work of keeping the 
National Buildig Code of Canada up to date the 
Division of Building Research has undertaken 
studies of the actual loads on structures due to 
floor loadmgs, wind and snow In the Division 
of Mechanical Engmeermg, emphasis on projects 
relating to mprovements in transport m Canada 
continued, cluding harbour improvements, winter 
navigation by water, rail transport and various 
aspects of the evolution of new aurcraft capable 
of vertical take-off and landmg 

About half the programme of the Radio and Elec- 
tical Engmeermg Division was concerned with de- 
fence Techniques were developed for produemg and 
measuimg extremely low pressures m gases, and the 
Drvision co-operated with the National Aeronautical 
Establishment m developmg a small radio trans- 
mibting beacon which is flung clear from the tail of 
the aircraft m the event of disaster In co-operation 
with the Marine Services Branch of the Department of 
Transport, electric circuits are bemg applied to marme 
navigational devices, often for isolated locations 


DYNAMIC AND STATIC DEFORMATION OF ARMCO IRON 
By H, P. TARDIF and P. CHOLLET 


Canadian Armament Research and Development Establishment, Quebec 


RECENT article on the above subject! showed 
that the mechanical properties of Armco iron 
were slightly lower after a previous amount of 
dynamic prestram than after the same amount of 
static deformation This findmg confirmed the 
results of Campbell and Duby? but was contrary to 
those of Harris and White? The object of the present 
article 1s to give further results concerning the effects 
of variables such as amount of prestrain and tempera- 
ture of deformation 
The same method of dropping a weight on a speci- 
men 0 75 m diameter and 1 5 in long placed on a 
large solid anvil was used By varymg the height 
of drop, the velocity of impact and thus the amount 
of deformation were changed Other specimens were 
then deformed statically by the same amounts 
obtained durmg dynamie mpact After deformation, 
the specimens were cut in two longitudmally, with 
one half hardness tested before agemg and the other 
after ageing ‘The results are shown in Fig 1 The 
hardness was found to merease with amount of 
deformation for both static and dynamic deformation 
and the rate of increase in hardness was about the 
same for the two methods of prestrammg The 


moiease m hardness, however, 1s less for the dynamic- 
ally than for the statically deformed specimens, 
for the whole range of deformation used, and this 
difference 1s approxrmately constant for that range 
of deformations 

After agemg the difference m hardness 1s again 
approximately constant for both statically and 
dynamically deformed specimens If, on the other 
hand, one considers the difference m hardness between 
the aged and unaged condition for both static and 
dynamic prestram, 1$ will be seen that this difference 
inereases with higher amounts of deformation This 
observation confirms established beliefs that the 
tensile strength of mon after stram-agemg mcreases 
with the amount of static prestrain It 18 seen here 
that the same phenomenon 1s observed with dynamic 
prestrain 1f we assume that tensile strength 18 propor- 
tional to hardness Hundy‘* has suggested that this 
effect could be ascribed to the formation of discrete 
submuicroscopic carbide oi nitride precipitates at 
dislocation junctures 

The fact that hardness and other mechanical 
properties are lower after dynamic than after static 
prestram was corroborated by compression and 
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Fig 1 Effect of total static or dynamic deformation on hardness 
before and after ageing 
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Wg 2 Static load-deformation curves 1n compression showing 
softening of previously impacted specimens 


tensile test results as shown in Figs 2 and 3 The 
compression curves for specimens in the unaged con- 
dition. all he below the compression curves obtained 
for speernens deformed after comparable amounts 
of static prestram The same result was observed 
for statically and dynamucally deformed specimens 
in the aged condition 

When the temperature 1s varied for a given height 
of drop, the same trends are observed, as seen in 
Fig 4, except for the lowest temperature of testing 
(— 196° C ) where the results are about the same 
as those for the temperature of (— 75°C) But agam 
the hardness obteined after dynamic deformation 1s 
lower than that after static deformation, at all 
temperatures tested, both m the unaged and aged 
condition 
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It can be assumed, as has been proposed by Camp- 
bell and Duby’, that dynamic impact will activate a 
larger number of dislocations than static deformation 
because of the much higher stresses applied during 
the short-time dynamic loading The larger number 
and more uniform distribution of free dislocations 
when compared with the same amount of static 
prestram will permit the metal to deform more 
easily upon subsequent reloading Consequently, the 
static mechameal properties of a dynamically 
prestramed specimen should be lower than that of a 
statically prestramed specimen as is seen to be the 
case from hardness, compression and tensile tests 

In two other series of tests, the deformation was 
restramed to a constant value while the temperature 
and the height of drop were varied This restriction 
of the amount of deformation was accomplished by 
mserting an impactor arrester around the specimen, 
so that the mpactor would be stopped at a given 
height and deform specimens by constant amounts 
independently of height of drop and temperature 
The results seen in Fig 5 show that the hardness of 
the dynamically deformed specimens, especially for 
the unaged condition, does not vary appreciably 
with height of drop, that 1s, velocity of mmpact, or 
with temperature for a constant deformation This 
would thus imply that m the case of dynamic deforma- 
tion the work-hardening 1s independent of velocity 
and temperature of deformation m the ranges used 
and that the hardness ıs & function mainly of the 
amount of deformation 

A similar conclusion had been reached previously 
by Campbell and Maiden*, who prestramed two 
specimens by the same total amount of deformation, 
one by impacting twice at — 84? C at 503 in /sec, 
the other by impacting once at room temperature at 
460 m /sec. No significant difference was observed 
in the stress-stram curve, mdieating that the shape 
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Fig 3 Static tensile test results on annealed and dynamically 
prestrained specimens 
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of the curve was dependent mainly on the amount of 
deformation and not on the temperature, velocity or 
even number of mpacts during deformation 

On a dislocation basis, ıt would also appear that 
the number of dislocations produced 1s independent 
of velocity of deformation and of temperature of tests 
but would depend mamly on the amount of deforma- 
tion durmg the impact as was discussed previously® 
The increase 1n hardness after agemg these specimens 
vie also mdependent of height of drop and tempera- 

ure 

It was thought of interest to determine the effect 
of temperature of static prestraming on the mechanı- 
cal properties durmg subsequent static deformation at 
room temperature Fig 6 shows that low-tempera- 
ture static prestraming has an effect similar to that 
of a dynamic prestram in lowermg the stress-strain 
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Fig 4 Effect of temperature of deformation on hardness of 
statically and dynamically deformed specimens 
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Fig. 5 Effect of temperature and velocity of deformation in 
‘restrained deformation’ tests on resultant hardness 
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Fig 8 Staticload-deformation curves in compression for unaged, 
statically and dynamically prestrained specimens, illustrating the 
equivalence of strain-rate and temperature 


curve below that obtamed after static prestrain at 
room temperature 

This would mean that Campbell and Maiden’s 
observation? that there was litle difference m the 
stress-strain curves for the two specimens mmpaeted 
at different temperatures and our observation of 
Fig 5 where hardness 1s independent of temperature 
of deformation would only apply for dynamic 
prestrain In the case of static prestrain, prestramimng 
at low temperature will have an effect on the sub- 
sequent static curve, equivalent to that of a dynamic 
pre-deformation By extendmg Campbell and 
Duby’s theory one could say that the activation of a 
larger number of dislocation sources taking place 
under impact also takes place durmg low-temperature 
static deformation At low temperature, the stress 
that must be applied to produce deformation ıs much 
higher than at room temperature (the 0 2 per cent 
proof stress being 34 times higher than at room 
temperature for the Armco iron tested), permitting 
a larger number of dislocation sources to be released 
if we assume that dislocation sources can be released 
over a range of activation energies On this basis, 
one would expect diffuse slip during static deforma- 
tion at low temperature, and this was observed to be 
so m the course of metallographic examimation of 
specimens In a very recent paper Maiden and 
Campbell® have ın fact observed the presence of 
diffuse slp during static deformation at low tempera- 
tures, and the equivalence of high stram-rates and 
low temperatures on mechanical properties of low 
carbon. steels 

This article corroborates the foregomg observations 
on won and extend them to the ease of prestrammg 
under these conditions 


1920 


It thus seems that the equivalence of effects of 
high stram-rates and low temperatures does not 
apply only durmg deformation as 1s already known, 
but also that them effects durmg prestrammg will 
mfluence the behaviour of iron m the same direction 
during subsequent strammg 


NATURE 


December 19, 1959 


HB P, and Erickson, W, J App Mech, 25 (2), 286 
9 


voL 184 


Campbell, J D , and Duby, J , Proe Roy Soc , A, 286, 24 (1956) 

> Harns, D B,and White, M P, J App Mech , 21, 194 (1954) 

1 Handy, B B , Metallurgia, 58, 203 (1958) 

$ Campbell, J D ,and Marden, © J ,J Mech Phys Soluds, 8, 53 (1957) 
* Maiden, © F , and Campbell, J D , Phu Mag , 3 (32), 872 (1958) 


AGGREGATION OF AN ACRIDINE DYE ON NATIVE AND 
DENATURED DEOXYRIBONUCLEATES 


By Dr D. F. BRADLEY 
National Institute of Mental Health, Bethesda, Maryland 
AND 


Dr G. FELSENFELD 


Department of Biophysics, University of Pittsburgh, Pennsylvania 


CRIDINE orange has been shown! to form aggre- 

gates or 'stacks' when bound to polyanions 
The strength of the dye-dye interaction depends upon 
the polyion used, and is, ın general, greater with 
flexible than with mgid polymers Smee deoxy- 
ribonucleic acid undergoes a transition from a rigid, 
two-stranded helix to a flexible, random coil upon 
heating?, 1b might be expected that an merease m 
dye-dye mteraction would accompany this transition 
We wish to report the observation of such an increase 
in dye-stacking tendency accompanying the heat 
denaturation of deoxyribonucleic acid 

Calf thymus deoxyribonucleic acid (‘Sigma’) was 
denatured by slowly heatmg a solution (2 mgm /ml, 
M4 /1,000 cacodylate buffer pH = 6 7) and removing 
aliquots after 10 min at specified temperatures The 
helix — coil transition was followed by the drop in 
viscosity and the increase m ultra-violet absorption 
at 260 mp (Table 1 and Fig 1), and because of the 
low ionic strength used, occurred at relatively low 
temperatures (Z'y = 62°) 

Spectrophotometric titrations of acridme orange 
with native and denatured deoxyribonucleic acids 
were carried out as previously described! Sharp 
end-pomts were obtained at 1 deoxyribonucleic acid 
phosphate per acridme orange oon (Fig 2) The 
volume of deoxyribonucleic acid required to titrate 
& given amount of dye did not change with denatura- 
tion (Table 1), showing that no additional bindmg 
sites were produced by heating The end-pomt of the 
titration therefore provides a method for determining 
the concentration of deoxyribonucleie acid which is 
convenient, independent of the extent of denatura- 
tion, and which requires only a small amount of 
deoxyribonucleic acid (about 2-20y) 

Sedimentation studies showed essentially complete 
bmding of the dye at the 1 1 pomt under the 
conditions used (1 6 x 10-5 M acridine orange, 
I x 10-? M cacodylate buffer, pH = 6 7) At the 
1:1 pomt, therefore, each deoxyribonucleic acid 
binding site 1s occupied, and every dye molecule has 
a dye molecule on each adjacent site with which to 
interact The spectrum of the dye in this 1 1 
complex shows two bands, an « band or shoulder at 
402 my which predommates ın the free-acridine 
orange monomer spectrum and a B band at 464 mu 
which predommates 1n the free acridine orange dime: 
Spectrum? The relative heights of these two bands 
(B/« ratio) may therefore be considered to be a measure 
of the dimeric character of a dye molecule which 1s 


mvolved in the maximum number of dye-dye inter- 
actions possible on the particular polyanion As 
can be seen in Table 1 and Fig 1, this measure 
(Bj ratio) of dimeric character, or of stacking 
tendency, mereases with denaturation, and further, 
the fractional merease in B/« follows closely the 
fractional changes m both viscosity and ultra-violet 
absorption 

When measured under the above conditions, the 
B/« ratios of 1 1 complexes of acridine orange with a 
number of different native deoxyribonucleic acid 
samples are all about 1 28 (Stone, A L , and Bradley, 
D. F, unpublished results), so that a low B/a ratio 
of this magnitude may be used as one criterion for 
the ‘natrveness’ of deoxyribonucleic acid However, 
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A €(260) OF DNA 

D (8/«) OF 11 DNA-AO 
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Fig 1 Thermal denaturation of deoxyribonucleic acid as 
measured by changes in properties of deoxyribonucleic acid and 
deoxyribonucleic acid-bound acridine orange Abscissa tem- 
peratures to which deoxyribonucleic acid solutions were heated 
Ordinate fractional changes in viscosity and ultra-violet absorp- 
tion of deoxyribonucleic acid, and of visible absorption of 
acridine orange bound to the heated deoxyribonucleic acid 
For precise definition of quantities see legend to Table 1 
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Table 1 SUMMARY OF DATA ON THE HEAT DENATURATION OF DEOXYRIBONUOLEIO ACID 
DNA Ultra-viole& | ml DNA/ Dimeric Unstacking Equal e and 8 Stacking 
Sample viscosity absorption mole AO character, rate bands coefficient 
[7] % | Emo % | (x107) | Bla, 1. % | ama(PID) % | (PD Baa % K 
Native CI-DNA 6,000 1 02 131 9,200 ie 116 +0 24 
OT, 30° 3,100 0 5,800 0 1 03 1 28 0 8,600 0 1 93 0 
CT, 40° 5,900 4 1 04 1 28 0 8,300 12 1 93 0 
CT, 45° 3,200 -3 6,000 8 104 8,300 12 
CT, 50° 6,000 8 1 05 131 8 8,700 —4 194 1 
CT, 5 2,800 12 6,000 101 1 33 14 7,500 44 2 09 11 
CT, 60° 2,200 81 6,700 86 1 08 1 42 38 5,200 96 2 64 43 
CT, 62° 7,070 51 148 54 5,540 82 2 61 48 216 4007 
OT, 65° 1,000 73 ,000 72 107 154 70 5,200 96 2 02 69 
CT, 70° 310 98 8,200 96 1 08 1 62 92 5,100 100 3 19 88 
CT, 75° 130 104 ,900 100 101 1 65 100 5,200 6 3 26 93 
T, 85° 240 100 8,300 100 091 1 65 100 5,100 100 3 36 100 
Boiled CT-DNA 8,800 115 104 6,400 3 17 5 36 +2 44 
SS-DNA 90 7,500 154 4,460 3 68 3 49 -- 0 48 
S-RNA 7,750 1 57 3,260 4 82 3 27 +0 13 
AT-RNA 7,890 1 72 4,960 490 3 22 +0 32 
| 











CT, calf thymus deoxyribonucleic acid (Sigma Chemical Co), SS-DNA, salmon sperm deoxyribonucleic acid (California Foundation), 
S-BNA, soluble rat liver ribonucleie acid (S. Luborsky), AT-RNA, ascites tumour ribonucleic acid (J Colter) [5] 18 nsp /C in em ?gm ^? of 


0 004 per cent deoxyribonucleic acid solutions in 0 25 M sodium chloride measured at an average shear (8) of 209 sec 


Esso 18 the 


molar extinction of deoxyribonucleic acid at 200 my calculated using the deoxyribonucle.c acid phosphate molarity obtained from the 


spectrophotometric titration with acridine orange ml 


dye ratio for PID > 1 


since the 1 1 complex 1s quite easily dissociated into 
free acridine orange and deoxyribonucleic acid by 
dilution or by added salts, resulting in an increased 
« (monomer) band and spunously low 8/« ratio, the 
conditions under which 8/a is determined must be 
earefully controlled For example, the complex 
may be 50 per cent dissociated (8/a = 1 0) either 
by lowermg the acridine orange concentration to 
0 8 x 10-5 M or by raising the buffer concentration 
to 4 x 10-3 M This extreme sensitivity to salt 
concentration accounts for the failure of Stemer and 
Beers* to observe a 1 1 complex with native deoxy- 
ribonucleic acid in 0 06 M salt and 07 x 1075 M 
acridine orange However, these authors do observe 
a 1 1 complex with boiled deoxyribonucleic acid 
under these same conditions, ndicatmg that the dye- 
polymer interaction 18 increased by disruption of the 
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Fig 2  Spectrophotometric titration of acridine orange with 
deoxyribonucleic acid Molar extinctions of dye at 504 my calcu- 
lated from volume-corrected optical densities M/1,000 cacodylate 
buffer, pH 6 7 Deoxyribonucleic acid solutions about 0 04 mgm / 
ml Upper curve, deoxyribonucleic acid solution (2 mgm /ml) 
slowly heated to 50° C , aliquot removed after 10 min , cooled and 
diluted , moles acridine orange = 4 65 x 1075, molarity acridine 
orange at end-point = 1 61 x 1075, lower curve, same as above 
but heated to 75°C , moles acridine orange = 4 60 x 10-5, 
molarity acridine orange at end-point = 1 60 x 107* = Titrations 
cariied out at 27-28° C 








DNA[mole AO is the volume of deoxyribonucleic acid required per mole 
acridine orange to reach the 1 1 point in the spectrophotometric titration with acridine orange (about 4 6 x 107* mole) 


ratio of extinction at 464 mu to 492 my of the dye in the 1 1 complex 


(8ja); 11s the 
GEJGCPLD) 1s the 1mitial rate of change in Eso me with phosphate, 


(P/D)p =a 1s the ratio of deoxyribonucleic acid phosphates to acridine orange 10ns at which the extinctions at 464 an 
402areequal K’s are thestacking coefficients (see text) with their mean deviations 


95's are percentage changesin properties between 30 and 85° 


ordered deoxyribonucleic acid structure — Kurnicks 
and Lawley* have also noted that heat denaturation 
and depolymerization affect the affinity of deoxyribo- 
nucleic acid for methyl green, rosaniline, and 5-ammo- 
acridine 

T2 phage deoxyribonucleic acid prepared by the 
phenol extraction method ıs unique in showmg 
B/x = 10 under all conditions, suggestmg that 
either this deoxyribonucleic acid 18 more native than 
the others, or that stackmg and/or bmding ıs mter- 
fered with by the glucose groups or by residual bound 
spermme, etc Despite such variations m 1ts absolute 
numerical value, the fractional merease m B/a with 
denaturation follows closely the viscosity and ultra- 
violet absorption curves under a variety of experi- 
mental conditions 

On the deoxyribonucleic acid-excess side of the 
1 1 pomt the bound acridine orange molecules begin 
to unstack as they distribute among the total available 
binding sites The extinction at the wave-length 
maximum (504 my) of bound, unstacked acridine 
orange therefore rises! As can be seen m Fig 2, 
the rate of unstacking 1s faster m deoxyribonucleic 
acids which have not been heated above the transition 
temperature The fractional decrease m unstacking 
rate (expressed as dE/d(P/D), where P/D 1s the 
number of deoxyribonucleic acid phosphates per 
acridine orange 10n) accompanymg denaturation 
appears to lead the changes im other properties by 
about 5°C (Table 1), suggesting that deoxyribo- 
nucleic acid may undergo another structural transition. 
which precedes that {measured by viscosity, ultra- 
violet absorption, and B/« ratio changes 

As unstacking proceeds with mcereasmg P/D 
ratio the « (monomer) band increases and p (dimer) 
band falls ‘The P/D at which the 8/a ratio has fallen 
to unity may be used as a third measure of stacking 
tendency, and as shown (Table 1, Fig 1) this measure 
also follows quantitatively the viscosity—ultra-violet 
absorption transition 

When the titration is carried to sufficiently bhigh 
PID (about 100 for deoxyribonucleates) the extinction 
at 504 mp reaches a plateau corresponding to com- 
plete unstackmg It has been shown! that the frac- 
tion of unstacked acridine orange, F, 1s related to 
PID by a smngle-parameter equation 


P/D=(1— Pry 4 (K 10 - P14 Fyre 
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im which K, the stackmg coefficient, 1$ an absolute 
measure of stacking tendency defined in terms of a 
mathematical model of the stackmg process The 
value of K calculated from the plot of E,,4, vs PID 
turns out to be 1 16 + 0 14 for calf thymus deoxy- 
ribonucleic acid and very close to this value for a 
number of other preparations (Stone, A L , and Brad- 
ley, D F, unpublished results) A value of K = 1 
corresponds to no stacking tendency, that 1s, to a 
completely random distribution of dyes among sites, 
and therefore native deoxyribonucleic acid, with a 
K value close to umty, nearly corresponds to this 
situation This finding 18 in agreement with Lawley’s’ 
conclusion that rosamline dimerizes on native 
deoxyribonucleic acid in ‘‘tolerable agreement” with 
a random distribution model 

It has been reported! that deoxyribonucleic acid 
and ribonucleic acid have similar stacking coefficients 
(with K = 2 9 and 3 3 respectively) It ıs apparent 
from the present findings that this conclusion was 
based upon experiments with partially denatured 
salmon sperm deoxyribonucleic acid (Table 1) 
Indeed, a comparison of the various measures of 
stacking suggests that unheated ribonucleic acid 1s 
more hke denatured deoxyribonucleic acid than 
native deoxyribonucleic acid in those structural 
features responsible for dye stacking, for example, ın 
having regions of both coiled and helix structure? 

The data for the unstackmg of boiled deoxyribo- 
nucleic acid, however, do not show good fit to the 
stackmg equation (K = 5 364244) A normal 
stackmg curve (K about 3) 1s followed up to approxim- 
ately 40 per cent unstacking Beyond this, unstack- 
mg proceeds at a much slower rate, which 1s linear m 
log P/D, resulting in a highe: average stacking 
coefficient than ribonucleic acid This apparent 
increase in stackmg tendency or flexibility at P/D > 
4 may possibly be related to changes m the net charge 
on the deoxyribonucleic acid as the fraction of sites 
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occupied by the acridine orange cations decreases, or 
to the presence ın the boiled sample of a mixture of 
deoxyribonucleates with different binding affinities 
and stacking tendencies 

A/Lhese results show that the tendency of acridime 
orange to aggregate is quite low when bound to 
native deoxyribonucleic acid, but that ıt increases 
markedly as the deoxyribonucleic acid 1s denatured 
Several quantitative measures of stacking tendency 
have been deseribed which may be used to estimate 
the extent of denaturation im partially denatured 
deoxyribonucleates These findings provide additional 
evidence that the stacking tendencies of polyanions 
are mtımately related to their structure m a qualita- 
tively predictable manner Furthermore, they may 
provide an important clue to understanding the 
complex colour patterns observed when acridine 
orange is used to stain tissues and, in particular, the 
general shift to dimeric character (enhancement of 
red phosphorescence) when living, stained cells are 
destroyed? 

We wish to express our appreciation to Dr A L 
Stone for helpful discussions, to Mrs J Johnson 
and Mrs S Huang for technical assistance, to Dr S 
Luborsky for a sample of soluble ribonucleic acid, 
and to Dr J S Colter for a sample of mouse ascites 
tumour ribonucleic acid One of us (G F ) has been 
supported in part by a giant (C-3883) from the 
National Cancer Institute, U S Public Health Service 
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EFFECT OF CHLORPROMAZINE UPON ISOLATED 
d-AMINO-ACID OXIDASE SYSTEMS 


By Da ANDREW LASSLO and ANNE L. MEYER 


Department of Pharmacology, Division of Basic Health Sciences, Emory University, 
Atlanta 22, Georgia 


AGI, Nagatsu and Ozawa! reported recently that 
ehlorpromazine (N-[3’-dimethylammopropy]]- 
3-chlorophenothiazine) 1s an imhibator of d-ammo-acid 
oxidase They stated that substantial inhibition was 
achieved with 2 x 10-5 MWM chlorpromazme m a 
system consisting of a hog kidney d-ammo-acd 
oxidase preparation, 16 x 107 M flavin adenme 
dinucleotide, and 6 25 x 10-? M d-alanine, buffered 
at pH 8 3 with pyrophosphate (no temperature was 
given, nor the gas phase indicated) They also noted 
that marked inhibition was observed with the same 
concentration of chlorpromazine in the oxygen uptake 
of a freshly excised dog diencephalon homogenate, 
in which the endogenous 1espiration was inhibited 
by potassium cyanide, this phenomenon was attri- 
buted to the hibition by chlorpromazine of d-amino- 
acid oxidase in the tissue, and ıt was suggested that 
there might be some relationship between the 


inhibition of flavin enzymes by chlorpromazime 
and the pharmacodynamic properties of the 
tranquilizing agent In connexion with a study 
of the effect of gradual changes m the molecular 
constitution of synthetic entries upon isolated 
enzyme systems known to be associated with brain 
metabolism, we became mterested in pursuing this 
work further 

Procedure 1 The work was carried out on a GME- 
Lardy WB-3 type Warburg instrument, usmg 15-ml 
flasks We have chosen Worthington’s hog kidney 
d-amino-acid oxidase preparation and Calbiochem’s 
flavin adenme dimucleotide (assay, 91 per cent, 
Cahforma Corporation for Biochemical Research, 
Los Angeles, Califorma) for our mitial experiments , 
1x 107! M dl-alanme was adopted as substrate 
after a study of the enzyme activity under varying 
enzyme and substrate concentrations (Worthington’s 
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d-amino-acid oxidase preparation is prepared by 
extracting the conventionally prepared hog kidney 
acetone powder with distilled water for 1 hr in the 
cold, centrifuging the mixture, and lyophilizing the 
extiact immediately | Worthmgton Biochemical 
Corporation, Freehold, New Jersey) The buffers 
used were 005 M KH,PO,-NaOH (pH 6 88), 
0025 M Na,P,0,-HCl (pH 7 93), and 002 M 
Na,P,0,-HCl (pH 8 27) The gas phase was arr, and 
the temperature was 37° C The reaction volume 
totalled 3 2 ml, with 0 12 ml 20 per cent potassium 
hydroxide im the centre well (2 em x2 em Whatman 
No 1 filter paper), and 0 4 ml substrate solution m 
the side-arm, all othe: reaction components were 
contained in the mam compartment The mhibitors 
were introduced m 005 ml of aqueous solution, 
appropriately concentrated to yield the desired 
dilution of the compounds in the final reaction 
mixture Hquilbration was mitiated at — 45 mm, 
with readings every 5 mm begmning at — 25 mm 
Dumping was effected at 0 min, with the side-arm 
bemg washed twice with the reaction mrxture Each 
manometer was read at 10-mim intervals durmg the 
reaction period of 0 to + 60 mm The pH of the 
contents of the flasks was checked at the end of the 
experiment Hach set of conditions was run (at 
least) 1n triplicate 

Procedure 2 Some of the experiments required a 
change in the origmal arrangement (piocedure 1) of 
the reaction components and the following modifica- 
tion was introduced the enzyme and inhibitor 
solutions (combined volume 0 65 ml) were placed in 
the side-arm, and the mam compartment contamed 
the coenzyme and substrate m the buffer balance 
(combmed volume 2 43 ml) Otherwise the same 
procedure was followed 

We expressed the rate as 





Vx ES oxygen at 40 mm ) — (ul oxygen at 10 mm ) 


30 


where Y signifies pl oxygen/hr absorbed within the 
ieaction interval of +10 to -+ 40 mm, durmg 
which the rate was always lnea 

Procedure 3 In expeimnents where the reaction 
was nob preceded by an ineubaton period, the 
1eactants were situated m accordance with the original 
arlangement (procedure 1), however, dumpmg was 
effected just prior to then exposure to the water- 
bath In this mstance, the 1ate (V) was calculated 
fiom the reaction interval of -- 30 to + 50 min, 
during which the rate was always linear 

The percentage of inhibition (I) and potentiation 
(P) were calculated as follows 


I= (723) x10 P= (RET x 100 


where Ve represents the contioliate, V, the mhibited 
1ate, and Vp the potentiated rate 

The chlorpromazme hydrochloride used m our 
experiments was fuimnshed by Di Paul Mattis of the 
Smith, KIme and French Laboratories in. Philadelphia, 
Pa, the reserpme phosphate by Dr Albert J 
Plummer, of Ciba Pharmaceuticals m Summit, 
NJ, Ro-1-9569/7 by Dr W E Scott, of Hoffmann- 
LaRoche, Inc, in Nutley, NJ, and the d-lysergic 
acid diethylamide by Mr John M Cole, of Sandoz 
Pharmaceuticals in Hanover, N J 

The enzyme systems used m the experiments were 
characterized kmetically (procedure 1) A Imear 
reciproca] Limeweaver—Burk plot? of the enzyme 
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cod -6 —5 —4 —3 
log M Flavin adenine dinucleotide 
Comparative enzyme activity in phosphate- and pyro- 


Fig 1 
phosphate-buffered systems (ın curves 1, 2 and 8, coenzyme 
ineubated with enzyme according to procedure 1, in curve 4, 
coerzyme incubated with substrate according to procedure 2) 
Common 1x 107! M dl-alanime, base level flavin adenine 
dinucleotide (estimated at 1 x 10-7 M/1 x d-amimo-aeid oxidase) 
Curve 1, 1 x d-amimo-acid oxidase plus 7 83 x 1077 to 
7 83 x 107* M flavin adenime dinucleotide, 0 05 M phosphate, 
pH 688 Curve 2, 1 x d-amino-acid oxidase plus 6 73 x 1077 
to 6 73 x 10-' M flavin adenime dinucleotide, 0 02 M pyro- 
phosphate, pH 8 27 Curve 3, 2 33 x d-amino-acid oxidase plus 
919 x 1077 to 919 x 107* Af flavin adenime dinucleotide, 
0 05 Af phosphate, pH 6 88 Curve 4,1 x d-amino-acid oxidase 
plus 1 05 x 107* to 1 05 x 107? M flavin adenine dinucleotide, 
0 02 M pyrophosphate, pH 8 27 


activity, buffered with phosphate at pH 6 88, at 
varying enzyme and substrate concentrations, was 
graphically evaluated as suggested by Dixon? and 
Remei!, the Briggs-Haldane eonstantsi4s 
(0 059, 0 044, 0 041 and 0 051) did not 
vary significantly with enzyme concentra- 
tion and were well withm the iange of 
variabilrty for independent determmations im the 
systems investigated (Remer, J M, personal com- 
munication, 1959) In pyrophosphate-buffered sys- 
tems (pH 8 27), however, the enzyme activity did 
not yield a linear reciprocal plot, further discussion 
of this point 18 reserved for a future occasion 
Another kinetic study revealed additional differ- 
ences between enzyme activities in phosphate 
(pH 6 88) and pyrophosphate (pH 8 27) buffered 
systems (Fig 1) Curves 1, 2 and 3 are results 
obtamed with procedure 1 in which the enzyme 
and the coenzyme were pre-mcubated in the same 
compartment Curves l and 2 represent the activity 
of a given quantity of d-ammo-acid oxidase and tentb- 
molar di-alanme within a range of concentrations of 
flavin adenme diucleotide, in phosphate- and 
pyrophosphate-buffered systems Curve 3 represents 
the corresponding activity of 2 33 times the amount 
of d-amano-ac1d oxidase used in the first two series 
of experiments, which iaised the oxygen uptake 
in the phosphate buffer to approximately the same 
level as that of the origmal enzyme concentration 
in the pyrophosphate buffer While the oxygen 
uptake differed quantitatively ın the two phosphate- 
buffered expeiiments (Fig 1, curves 1 and 3), corre- 
spondmg to the enzyme concentration, the curves of 
the flavin adenme dimucleotide catalysis retamed 
the same form Im the pyrophosphate-buffered 
experrment, however, the graph of the activity took 
on a considerably different pattern (Fig 1, curve 2) 
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EFFECT OF PRE-INCUBATION UPON THE ACTIVITY OF THE 
Hoa KIDNEY @-AMINO-ACID OXIDASE PREPARATION 
(1 x d-amino-acid-oxidase with base-level flavin adenine dirucleotide 
(estimated, 1 x 107? M) and 1 x 107? M dl-alanme) 


Table 1 





Pre-incubation period at 37? © prior 


Buffer (Af) and pH to reaction (mm ) 


45 au 





Pyrophosphate (0 025) 
Phosphate (0 05) 
6 84 


F = 188 
YV =78 





When the coenzyme and the enzyme were pro- 
incubated ın separate compartments (procedure 2), 
the pyrophosphate-buffered run yielded curve 4 of 
Fig 1, the phosphate-buffered runs carried out 
under these conditions did not differ significantly 
from those represented by curves 1 and 3 

Since Burton has found! that some d-amino-acid 
oxidase preparations are subject to thermal mactiva- 
tion at 375° C in pyrophosphate-buffered (pH 
8 27) systems, we have compared the activity of our 
enzyme systems in simultaneous runs with (procedure 
1) and without (procedure 3) a 45 min pre-incubation 
period, the results are summarized in Table 1 
While our enzyme systems were not affected by 
pre-incubation at 37° C, one should bear m mind 
that Burton apparently dealt with a purer and more 
sensitive sheep kidney preparation 

We observed a 40 per cent inhibitàon with 1 x 10-3 
M chlorpromazine in phosphate buffer (pH 6 88, 
procedure 1), but were unable to effect appreciable 
ehlorpromazime inhibition in pyrophosphate buffers 
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(pH. 7 93 and 8 27) under sumilar conditions The 
inhibrtion in phosphate-buffered systems was sub- 
stantially mfluenced by the flavin adenine dinucleo- 
tide concentration of the reaction mixture and by the 
exposure of the enzyme to the mhibitor durmg pre- 
ineubation Our findings are summarized in Table 2 

The effect of chlorpromazme upon phosphate- 
buffered systems with mereasmg flavin adenmo 
dinucleotide concentrations is illustrated m Fig 2 
(curve 2) The phenomenon of chlorpromazme 
potentiation at high concentrations of flavm 
adenine dmucleotade seems to be correlated with 
some ambhibition by flavin adenme dmucleotide 
itself at such coenzyme-levels (Fig 2, curve 1), which 
tendency becomes even more conspicuous m curve 2 
of Fig 1 This prompts the suggestion that complex 
formation between chlorpromazine and flavin 
adenme dinucleotide may occur Remer*? actually 
worked out & mathematical treatment for cases in 
which an inhibitor effects potentiation by mteracting 
with a second mhib:tory substance present in the 
reaction mixture. Complex formation between 
flavin adenme dinucleotide and chlorpromazme 13 
chemically also concervable by means of charge 
effects between the pyrophosphate moiety of the 
flavin adenine dinucleotide and a basic function (or 
functions) of the chlorpromazme molecule within 
some pH ranges 

In order to compare the effect of flavin adenine 
dinueleotide upon the imbibition of d-ammo-acid 
oxidase by chlorpromazme prior and subsequent 
to pre-incubation, we ran a series of experiments 
summarized m Table 3 It ıs mteresting that, when 
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Table 2 COMPARATIVE EFFECTS OF ÜHLORPROMAZINE AND NIOOTINIO ACID UPON ISOLATED d-AMINO-ACID OXIDASE SYSTEMS 
(1 x d-amino-acid oxidase and 1 x 107! Af di-alanine) 





Pre-incubation period at 37? C prior to reaction in minutes 


Chlorpromazine (1 x 10° M) 
Buffer (M) 
and pH 45 0 











Nicotinic acid (1 x 107? M) 
45 9 








FAD (M) ™ |P% | FAD(D | Pe 





FAD (31) Ve | T% | FAD (Af) 





BL* + BL + 
792-7 93 |7 70 x107 1 00 x 10-5 
» BL BL 
Phosphate 
(0 05) 
6 84-6 88 


Pyrophosphate 
(0 025 


199 


BL 








BL + BL + 
7 58 x 10-8 2 00 x 1075 





*BL = base level (estimated 1 x 107" M) 
{729 x 107^ M flavin adenine dinucleotidein V, 











BL + BL+ 
1 38 x 1075 100 x 1078 
BL 31 BL 


200 33 


BL 37 
52 


BL 








BL + BL + 
8 04 x 107* 2 00 x 10-8 














Table3  ErrECT OP PLAVIN ADENINE DINUCLEOTIDE UPON CHLORPROMAZINE INHIBITION OF d-AMINO-ACID OXIDASE PRIOR AND SUBSEQUENT 
TO PRE-INCUBATION 


(1 x d-amino-acid oxidase and 1 x 107! M dl-alanine) 





Arrangement of reactants during the 45 min. preincubation period at 37° © 














Main comp coenzyme and substrate , 
Main comp enzyme, coenzyme and inhibitor, comb vol 2 48 ml 
comb vol 2 68 ml Side-arm enzyme and iniubitor, 
Buffer (M) and pH Side-arm Substrate, comb vol 0 40 ml comb vol 0 65 ml 
FAD (M) | Ve J per cent P per cent YAD (M) Ve I per cent 
Pyrophosphate (0 025) BL* + 202 — 8 BL 201 
7 93-7 99 7 70 x 1079 654 x iv " 
95 BL 164 5 — BL 175 25 
Phosphate (0 05) BL 60 40 — 
on BL 65 62 
» BL + BL + 
7 58 x 107* 118t — 5 6 54 x 107* 107 65 








*BL = base level (estimated 1 x 107* M) 
+729 x 1075 M flavin adenine dinucleotide in V, 
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log Af Flavin adenine dinucleotide 


Fig 2 Comparative effects of chlorpromazme and nicotinic acid 
1n phosphate-buffered svstems (procedure 1) Common 1 x 107i 
M di-aàlanmne, base-level flavin adenine dinucleotide (estimated 
at 1 x 10-7 M), 1 x d-amino-acid oxidase, 0 05 M phosphate, 
pH 688 Curve 1, plus 7 27 x 107? to 7 27 x 10-* M flavin 
adenine dinucleotide Curve 2, plug 7 58 x 107? to 7 58 x 107* 
M flavin adenine dinucleotide and 1 x 107? chlorpromazine 
Curve 3, plus 8 04 x 10-7 to 8 04 x 10-* M flavin adenine 
dinucleotide and 1 x 107? M nicotinic acid 


excess flavin adenme dinueleotide was combined 
with the enzyme-inhibrtor mixture subsequent to 
pre-incubation (procedure 2), the coenzyme would 
not reverse or even decrease the inhibition, yet 
the flavm adenine dimucleotide content of the 
final reaction mixture was about a hundred times that 
which effectively counteracted inhibition when the 
coenzyme was pre-mcubated with the enzyme- 
inhibitor mixture (procedure 1) (The small volume 
for the pre-mcubation of the enzyme-inhibitor mix- 
ture m procedure 2 was chosen to effect significant 
mhibition m the pyrophosphate-buffered experi- 
ments ) 
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The information at hand indicates that formation of 
the enzyme-chlorpromazme complex proceeds through 
2 relatively slow reaction, and that once the complex 
has formed, it ıs not easily reversible One could 
visualize a limited structural analogy between the 
N-alkyl substituted phenothiazine moiety of chlor- 
promazine and the N-ribity] substituted «soalloxazine 
component of flavm adenine dinucleotide, which 
may account for both (1) the stability of the chlor- 
promazine-enzyme complex and (2) the preferential 
affinity of the free apoenzyme for flavm adenine 
dinucleotide 

In comparative experiments with nicotmic acid, 
which is known to effect mbhibrtion by reversible 
competition with d-alanme for the combined apo- 
and co-enzyme’, the chlorpromazime inhibition was 
approximately of the same magnitude as that of the 
reference reagent (procedure 1, phosphate buffer, 
pH 6 88) The nicotimie acid mhibrtion, however, 
was not affected significantly by the type of buffer, 
concentration of flavm adenme dimucleotide or 
pre-incubation (see Table 2, and Fig 2) 

In conclusion, 1b should be noted that reserpine, 
Hofimann-LaRoche’s Ro-1-9569/7, d-lysergic acid 
diethylamide and cocaine had no significant effects 
upon d-amuno-aeid oxidase systems (procedure 1) 
optimal for chlorpromazine mbuibition 
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EQUILIBRIUM CONSTANT OF THE GALACTOKINASE REACTION 
AND FREE ENERGY OF HYDROLYSIS OF ADENOSINE 
TRIPHOSPHATE 


By Dr. M R ATKINSON, ELEANOR JCHNSON and Pror R K MORTON 


Department of Agricultural Chemistry, Waite Agricultural Research Institute, University of Adelaide 


HE adenosine triphosphate-adenosine diphos- 

phate system appears to be a universal component 
of livmg cells, and is required for activation and 
utilization of most metabolites A reliable estimate 
of the free-energy change for hydrolysis of adenosine 
triphosphate 1s therefore needed for evaluation of the 
energetics of the processes concerned with cell growth 
and mamtenance Early estimates, based on thermal 
data and some equilibrium constants, indicated that 
the standard free-energy change (AG’) for the 
reaction 


adenosine adenosine 
triphosphate Twat en diphosphate 
orthophosphate (1) 


was between —9 and —12 kcal /mole at pH 7 (ref 1). 
More recently, the free-energy change for this reaction 
has been calculated from the equilibrium constants of 
a number of phosphoryl transfer reactions and less 


negative values (—5 to —8 kcal [mole at pH. 7) have 
been reported?-* The discrepancies between pub- 
lished values are due chiefly to the difficulty of 
accurately determining the equilibrium concentra- 
tions of the mmor components of reactions for which 
the change of free energy 1s large 

The free-energy change of reaction (1) may be 
obtained as the sum of the free energies of phosphoryl 
transfers from adenosine triphosphate to hexoses, 
and from hexose phosphates to water Previous 
workers’? have used the reactions catalysed by 
hexokinase, that 1s 


adenosine 
triphosphate 


deno 
+ (a+ B)-D-glueose — diph: o rhat NE 


(x +8)-p-glucose-6-phosphate (2) 
and by phosphatase, that 1s 


(x +6)-p-glucose-6-phosphate + water —> 
(«+ )-p-glucose + orthophosphate (3) 
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However, these reactions are meonvement because of 
the large free-energy change (—2 9* or —4 4? keal / 
mole at pH 7) of reaction (2) For the reaction 
catalysed by phosphoglucomutase, that 1s 


o-D-ghucose-1-phosphate —> (a +-8)-D-glucose-6- 
phosphate (4) 


the free-energy change 1s —1 7 keal mole at pH 7 
and 25° C 5 It ıs evident that the equilibrium con- 
stant of phosphoryl transfer from adenosme triphos- 
phate to carbon 1 of hexose may be more accurately 
measured than that of phosphoryl transfer to carbon 6 

In the present work, the equilibrium constant of 
the reaction catalysed by galactokmase, that 1s 


adenosine + 
diphosphate 
«-D-galactose-1-phosphate (5) 


adenosme 


triphosphate + («%+6)-p-galactose — 


has been measured 

The reaction was carried out at pH 7 0 and 25° C 
with 25 mM magnesium chloride, which gave an 
excess of Mg** at the concentrations of nucleotides 
used The initial reactants were adenosine triphos- 
phate and galactose, o adenosine diphosphate and 
&-D-galactose-l-phosphate The course of the reaction 
was followed by measurement of acid or alkali uptake 
at pH 7 0 after addition of yeast galactokmase and 
muscle adenylate kmase The latter enzyme catalyses 
the reaction 


adenosine 
monophosphate 


adenosme 
triphosphate 


2 adenosme 


diphosphate ^ * 


(6) 
and facilitates accurate measurement, by keeping the 
iatio adenosine triphosphate/adenosme diphosphate 
close to unity Nucleotides were estimated by specrfic 
enzymic and electiophoretic methods, hexose phos- 
phates were measured enzymically and hexoses by 
enzymic and colorimetric methods? 

As shown in Table 1, the equilibrium constant for 
reaction (5) 1n. the forward direction was 25 + 3, and 
im the reverse direction was 27 + 3 Ina prelimmary 
series of six experiments (with 10 mM magnesium 
chloride), the equilibrium constant was 25 +9 The 
standard free-energy change of reaction (5) 1s there- 
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fore —1 9 + 0 1 keal [mole at pH 7 0 and 25°C m 
the presence of an excess of magnesium 10ns 
The free-energy change of the reaction 


Vor 184 


«-D-galactose-1-phosphate —> 
a-p-glucose-1-phosphate (7) 


iS —0 7 keal/mole? This reaction involves conver- 
sion of the axial hydroxyl group at carbon 4 to an 
equatorial configuration, and the free-energy does not 
differ significantly from that of the corresponding 
transformation in other compounds’ Hence the 
free energy of hydrolysis of «-p-galactose-1-phosphate 
and «-D-glucose-1-phosphate must be mdependent of 
the orientation of the remote hydroxyl at carbon 4 
The free energy of hydrolysis of «-p-galactose-1- 
phosphate has therefore been estimated from the 
free-onergy changes of reactions (3) and (4) 

The equilibrium constant of reaction, (3) was 
determined m both directions at pH 7 0 and 25° C 
m the presence of Mg?* and purified intestinal 
alkalne phosphatase!! As shown m Table 2, the 
free-energy change of reaction (3) is —3 3 + 01 
kcal mole m these conditions This 18 1n. agreement 
with the value obtamed by Meyerhof and Green" 
with more concentrated reactants, but is 07 keal / 
mole more negative than the value reported by 
Gumodman?? 

The equilibrium constant of reaction (4) was also 
measured ın both directions at pH 7 0 and 25? C in 
the presence of Mg* and purified muscle phospho- 
glueomutase!! As shown m Table 3, the free-energy 
change of this reaction was —1 7 + 0 1 keal [mole 
Colowick and Sutherland* also obtamed a value of 
—]1 7 keal /mole for thus reaction 

For the hydiolysis of «-p-galactose-1-phosphate, 
that 1s 


o-D-galactose-l-phosphate + water — 
(«+ )-p-galactose + orthophosphate (8) 


the free-energy change at pH 7 0 and 25° C m the 
presence of an excess of Mg?* is therefore —5 0 
keal /mole 

From this value, and the free-energy change of 
reaction (5), the free energy of hydrolysis of adenosine 









































Table 1 EQUILIBRIUM CONSTANT OF REACTION (5) CATALYSED BY GALACTOKINASE (ref 6) 
p 
Concentration (mM) of products at pH 7 0,25? C and 25 mM Mg*** 
AG’ tT 
Initial reactants Galactose-1- KE keal le 
Galactose phosphate ATP ADP t RM 
ATP and galactose +2 Mia B zn 1 06 + 0 02 2 78 4- 0 03 25 +3 —19.401 
4) 4 
ADP and a-p-galactose-1- 037 +0 04 61401 151 +0 04 2 49 +0 01 2748 -19+01 
phosphate (8) (8) (4) (4) s = 
* Results given as mean +, S E , with the number of determinations an parentheses 
tK = [ADP] [a-D-galactose-i-phosphate) 
[ATP] [(a+8)-D-galactose] 
$AG = —- RW 
Table 2 EQUILIBRIUM CONSTANT OF REACTION (3) CATALYSED BY PHOSPHATASE (ref 10) 
Concentrations (mM) of products at pH 7 0, 25° C 
Imtial reactants Orthophosphate Glucose Glueose-6- Mg*t K* (cal nole) 
z phosphate 
Glucose and orthophosphate 163 151 0 074 0 332 —35 
248 214 0 200 2 266 —83 
246 289 0 225 5 261 —83 
Glucose and orthophosphate 240 248 0 33 2 181 —31 
and glucose-6-phosphate 167 253 0 156 2 271 —33 
(approx 1 mM) 














* g = [(@+8)-D-glucose] [orthophosphate] 
[(a-+8)-p-glucose-6-phosphate] 
. 
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Table 3 EQUILIBRIUM CONSTANT OF REACTION (4) OATALYSED BY 
PHOSPHOGLUOCOMUTASE (ref 10) 
Concentrations (mM) of pro- | 
ducts at pH 7 0, 25" C and AG' 
Initial 25 mM Mg?* (keal / 
reactants K* mole) 
(a+8)-D-glucose- | a-D-glucose-1- 
6-phosphate phosphate | 
Glucose-6- | 
phosphate 136 077 18 -17 
Glucose-1- 
phosphate 12 6 0 90 14 —16 
Glucose-6- 
phosphate 
and 
glucose-1- 
phosphate 2 09 011 19 ~17 





*K = [2t 8)--glucose-6-phosphate) 
[a-D-glucose-1-phosphate] 





triphosphate at pH 7 0 and 25° C in the presence of 
an excess of Mg* is —6 9 kcal /mole The standard 
enor for this value 1s probably less than 0 2 keal / 
mole 

Benzinger, Kitzinge, Hems and Burton! have 
recently determined the free-energy change for the 
hydrolysis of glutamine, that 1s 


glutamine + water — glutamate + ammonia (9) 


Combmation of thew value with estumates by other 
workers!54 of the free-energy change of the reaction 


adenosine 
triphosphate + ammonia + glutamate —- 
adenosine 
diphosphate -+ glutamme (10) 


indicates that the free-energy change of reaction (1) 
is —6 8 keal/mole at pH 7 0 and 25° C im the 
presence of an excess of Mg?* 

By combmation of the free-energy change of 
reaction (3) as reported here (—3 3 keal /mole) and 
the free-energy change of reaction (2) as estimated 
by Robbins and Boyer’, and by Vladimurov, Vlassova, 
Kolotilova, Lyzlova and Panteleyeva?, the estimates 
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of the free-energy change of reaction (1) at pH 7 0 
and 25° C in the presence of an excess of Mg* are 
—' 7 kcal /mole and —6 2 kcal /mole, respectively 

Biological phosphoryl transfers take place m the 
presence of Mg** and hence the free-energy values 
reported here are more relevant for energetics of 
physiological processes than the much more negative 
values obtamed m the absence of Mg? 

The free energies of phosphoryl transfers from 
adenosme tryphosphate to many other metabolites 
are known By combinmg these values with the 
value of the free energy of hydrolysis of adenosine 
triphosphate established here, rehable estimates of 
the free energies of hydrolysis of most phosphorylated 
metabolites have now been obtamed},16 

A full account of the work described here will be 
submitted for publication elsewhere’.,1° We wish 
to thank Dr R M Burton, Washmgton University, 
St Lous, for generously supplymg the purified 
galactokmase used in these studies 
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COMPLEMENTATION AMONG THE SUB-GENIC MUTANTS IN 
THE r-LOCUS OF DROSOPHILA MELANOGASTER 


By Dr.O G FAHMY and Dr MYRTLE J FAHMY 


I Chester Beatty Research Institute, Institute of Cancer Research 


HE composite nature of the gene, both as regards 

Structure and function, has been admurably 
demonstrated by Benzer's* work on the ?»-II locus of 
the T, bacteriophage That complex genes are of 
widespread (if not universal) occurrence has also 
been demonstrated by the discovery of pseudoallelic 
Series m a great diversity of organisms Aspe gellus?, 
New ospora®, and Drosophila** The deseription of 
the various attributes of a gene naturally necessitated 
& new termunology, which has now been adequately 
formulated by Benzer! He differentiated between the 
unit of recombination the ‘recon’, the unit of muta- 
tion the ‘muton’, and the unit of function the 
‘stron’ Two mutants withm a locus are assigned 
to the same cistron if they express the mutant 
phenotype in the trans position, that 1s, when occur- 
rmg m repulsion on the homologous chromosomes 
The corollary to this situation 18 the czs arrangement 
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when the two mutants are m coupling on a member of 
a paar of homologues, with the non-mutant allelo- 
morphs on the other, and this exhibits the ‘normal’ 
or wild-type phenotype Apphed to Drosophila, this 
terminology means that a pair of pseudoallelic 
mutants occur m the same cistron if they give an 
interaction phenotype (that 1s, exhibit the mutation) 
in the P, heterozygote Conversely, the interallehe 
mutants are in different cistrons 1f they give comple- 
mentation in the F,, expressing the wild-type 
phenotype  Inter-allehe complementation has been 
discovered in Drosophila at the rudimentary locus, 
and this phenomenon will be analysed m this com- 
munication 


Induction of the Mutants 


In the course of our work’ on the induction of sex- 
linked recessive visibles by radiation, as well as a 
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Table 1 DISTRIBUTION OF THE MUTANT TYPES AND THE AFFEOTED CISTRONS UNDER VARIOUS MUTAGENS 








Cistrons 


Mutant types e 


I- IL [IIIJ IH 





ur {Iv4+v v VI IY-IV|I- VI 
b f e d h D 





Mutagens 
AÁmino-acid mustards 
(CB 1592, 3007, 3025, 3020) 
Alkyl methanesulphonates 
(OB 1506, 1522, 1528, 1540, 2041) 
Phenylethylamine mustard 
B 3034) 





X-rays 
Stock 7 (spontaneous) 














Total 


diversity of alkylating mutagens (chloroethylamines, 
polyethylenemmes, and methanesulphonic esters), 
a total of 68 mutants at the rudimentary (r) locus 
were recovered Of these, 31 mutants were retamed 
for the inter-alleluo tests A few of the mutants 
analysed were induced by X-radiatíon , the romam- 
der were mduced by various alkylating compounds 
(Table 1) These compounds, together with their 
Chester Beatty (CB) code numbers and chemical 
names, will be lsted here under their appropriate 
chemical series 

Amino-acul mustads OB 1592, S-2-chloroethyl- 
eysteme , CB 3007, 3025 and 3026, the pL-, the r-, 
and D- isomers of y-NN-di-(2-chloroethyl)ammo- 
phenylalanine 

Phenylethylamine mustard: CB 3034, o-NN-di- 
(2-chloroethyl)ammophenylethylamme 

Alkyl methanesulphonates., CB 1506, 2-chloroethyl 
methanesulphonate , CB 1522, 2-fluorethyl methane- 
sulphonate, CB 1528 ethyl methanesulphonate , 
CB 1540, methyl methanesulphonate, CB 2041, 
1 . 4-dunethanesulphonoxybutane 

Phenotypieally, all the r mutants were fairly com- 
parable, and m general they resembled the stock 
visible which has already been deseribed ım the 
literature? The hemizygous r males, as well as the 
homozygous females, were characterized by short 
obliquely truncated wings, with sparse costal bristles 
When allelism tests were undertaken between the 
various mutants, however, ıt became apparent 
that we were dealmg with a pseudo-allehe series, 
probably mvolving several functional sub-units 
(cistrons) Some of the mutants gave the r phenotype 
m the heterozygote, while others resulted ın full 
complementation, giving the wild type 


The Complementation Map 


Extensive analysis was undertaken of the pheno- 
typie expression of crosses involving 31 :-alleles, and 
this enabled the construction of the complementation 
map illustrated in Fig 1 It was possible to arrange 
the mutants ın a unique lmear sequence mvolving 
different or adjacent cistrons In the construction of 
thus map, mutants which complemented were assigned 











—+ 
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Tig 1 Complementation map of the r-locus The number of 
mutants im each category 18 indicated in brackets 








to different functional units (cistrons) Thus mutants 
a, b, c and d (Fig 1) complement in pairs and, there- 
fore, belong to different cistrons This fact by itself, 
however, does not permit any determmation of the 
sequence of the affected sub-genes The detection of 
the intra-locus linear organization 1s made possible 
through the presence of mutants resulting from 
multiple ‘mactivations’ (or damage), extending over 
more than one cistron For example, mutant e 
interacts with a, but complements b, while h inter- 
acts with a and b, but complements c. This fixes the 
position of b between a and c 

The whole of the complementation map suggests 
the presence of at least 6-cistrons in the r-locus 
(Fig 1) The majority of the mutants seem to involve 
more than one functional umt Nearly half (14 out 
of the tested 31) are of the « type, involving all the 
6-cistrons, and giving non-complementation to all 
other mutational types These were at first thought 
to be small deficiencies at the r-locus Careful 
cytological analyms of a non-complementing mutant 
(of the « type), however, failed to reveal even a single 
band deficiency m the salivary X-chromosome 
According to the accepted criteria in Drosophila 
cytogenetics, therefore, even the multiple-cistron 
r-mutants must be looked upon as mtra-genic pomt 
mutations It is of mterest to note that m Neuro- 
spora, as m Drosophila, non-complementing inter- 
allehe mutants were frequent, and did not prove to 
be the consequence of deletions? Some of these 
mutants at the ad-4 locus of Neurospora underwent 
reversion by back-mutation, and afterwards yielded 
secondary forward mutants of the complementing 
types 

A phenotypic manifestation which has some bearmg 
on the complementation map is the appearance of the 
costal wmg-sete, or marginal bristles In some mter- 
mutant heterozygotes the phenotype 1s wild-type, 
except for the derangement and sparsity of the 
marginal wing bristles This suggested a situation 
of ‘partial’ complementation, which was designated 
(+b) indicating an intermediate state between 
interaction giving the (r) phenotype and full comple- 
mentation giving the (r*+), or wild-type expression 
If this 1s so, ıt would be expected that the (rb) 
effect should have some bearimg on the comple- 
mentation relations between mutants, givmg some 
indication of the proximity of the complementing 
types Table 2 gives the P, phenotypic expression of 
crosses between complementing mutants in relation 
to the inter-mutant distance in terms of functional 
units (cistrons) It 18 convinemgly clear that the 
proportion of (rth) decreases with the distance 
between the mutants, and completely disappears for 
alleles 3 or more cistrons apart It ıs therefore 
certam that the (r*b) phenotype ıs an indicator of 
proximity among the complementing mutants In 
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fact 1b ıs on the basis of this criterion that mutant 
type d has been placed nearest to c (Fig 1). This 18 
because crosses between c- and d-mutants give the 
(r+b) phenotype with the frequency expected for 
mutations affecting nearby cistrons On the other 
hand, crosses of mutants d x a and d x e all gave 
full complementation 

The sample of r-mutants tested 1s much too small 
to permit an analysis of the distribution of the 
affected cistrons under individual mutagens Never- 
theless, when mutations by groups of related com- 
pounds are considered, certain suggestive tendencies 
become apparent (Table 1) The mutants under the 
amino-acid musterds seem to form a class of their own, 
appreciably distinct from the rest of the sample 
mduced by the other agents The small mutants 
(involving 1 or 2 cistrons) m the ammo-acid mustard. 
class show a larger scatter among the cistrons of the 
locus In particular, 4 out of the 9 mutants in this 
class involved cistrons I to TIT, while none of the 22 
mutants by all the other agents involved these 
eistrons mdrividually, or in pairs On the contrary, 
smal] mutations by agents other than the ammo- 
acid mustards seem to occur exclusively im cistrons 
IV-VI Even with the small samples of mutants 
available, a comparison of the above relative 
frequencies (that 1s, 4/0 compared to 0/22) did indicate 
a difference of decisive statistical significance 
(P < 001) The lack of small mutants in cistrons 
T-III in the sulphonate sample as compared to that 
of the amino-acid mustards (that 1s, 0/14 compared 
to 4/9) also indicated a suggestively high difference 
(P < 005) There 1s, therefore, some indication of 
a difference ın the mode of action of the amino-acid 
mustards and the sulphonates on the sub-genie level, 
which recalls that which has been demonstrated on 
the genic level’ Expermments are now in progress 
to test the reality, and the degree, of the differential 
action on the r-cistrons under the effect of an indivi- 
dual compound belonging to each of the mutagenically 
contrasting chemical series * the amino-acid mustards 
and the sulphonates 


Mechanism and Significance of Allelic 
Complementation 


Intra-genic complementation 1s a fairly widespread 
phenomenon in micro-organisms The best-known 
examples occur at the ad-4*9 and arg-2° loc of 
Neurospora, but instances have also been reported m 
Aspergillus”, as well as in Salmonella? The physio- 
logical mechanism of complementation has now been 
adequately analysed’, for the ad-4 locus of Neuro- 
spora Extensive quantitative measurements of 
adenylosucemase activity m complementing hetero- 
caryons indieated that this activity ranges from 
1 to 25 per cent that found m the parental stram 
Further, & correlation existed between enzymatic 
activity and the distance between the mutants on 
the complementation map Activity was maximal 
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(that 1s, 25 per cent) for mutants separated by 4-6 
cistrons, and fell gradually for nearer mutants, 
reaching à mmunum when the damage occurred at 
juxtaposed cistrons This biochemical situation in 
Neurospora is parallel to the phenotypie ‘bristle- 
effect occurring among some of the complementing 
r-mutants m Drosophila, and suggests an analogous 
physiological mechanism It would seem hkely that 
the (r'b) phenotype ıs the outcome of a weak pro- 
duction of the r+ ‘determmant’ (presumably an 
enzymatic complex), and that the amount of this 
‘determinant’ mereases with the distance between the 
damaged sub-loci in the heterozygote The disappear- 
ance of the ‘bristle-effect’ when the damaged sub- 
units are 3 or more cistrons apart indicates that this 
18 the minimal distance (ın physiological units) which 
1s needed before enough 'r* determinant? 1s produced 
to manifest the wild-type expression It would be 
fascinating to determme the mmuimal distance for 
full phenotypic complementation in terms of physical 
entities (nucleotides) as well as m genetical (cross- 
over) units So far, this has not been achieved either 
in Neurospora or in Drosophila That this ıs within 
the scope of genetical techniques 1s indicated by some 
recent results? on the gan-2 locus of Neurospora, 
which show a correlation between order on the 
complementation map and the genetic distance 
in cross-over units The analysis of the genetic 
map of the r-locus in. Drosophila ıs now under m- 
vestigation 

The complementation map here described for the 
r-locus of Drosophila is the first mstance of this 
phenomenon discovered m higher organisms Evid- 
ence of intra-locus complementation, however, has 
already been detected m our laboratory at two other 
X-chromosome loc tan (!) and manutechoie (meh), 
and doubtless ıt must occur in many others The 
occurrence of inter-allelic complementation ın organ- 
isms ranging from bacteria to Drosophila emphasizes 
that ıt ıs a fundamental characteristic of gene struc- 
ture and function It implies that the lmear sequence 
of the hereditary units 1s not only applicable to the 
arrangement of genes on chromosomes, but also is 
probably equally true of the ultimate organization 
of the genic substructure m terms of cistrons and 
nucleotides 

We wish to thank Mr J Maynard-Smith (Univer- 
sity College, London) for his interest m this problem, 
and also for his helpful discussion 

This investigation has been supported by grants to 
the Chester Beatty Research Institute from the 
British Empire Cancer Campaign, the Jane Coffin 
Childs Memorial Fund for Medical Research, the 
Anna Fuller Fund, and the National Cancer Institute 
of the National Institutes of Health, US Public 
Health Service 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * 18 open to the public) 


Tuesday, December 29 


RADAR AND ELECTRONICS ASSOCIATION (at the Royal Society of 
Arts, John Adam Street, Adelphi, London, W C 2), at 730 pm— 
Dr K R Stuley “High Quality Sound Broadcasting” * 


Wednesday, December 30 


ROYAL SOoOIETY OF ARTS (at John Adam Street, Adelphi, London, 
W C2), at 230 pm—Dr J D Carthy “Animal Senses and Ro- 
actions” (Furst of two Juvenile Lectures Further lecture on Janu- 
ary 6) 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
we 2). at3pm—Mi G G Gounet ‘Colour Television” (Chuist- 
mas Hohday Lecture ‘To be repeated on Thursday, December 31 ) 


Friday, January 1 


PLASTICS INSTITUTE (in the Lecture Theatre of the Institution of 
Electrical Engineers, Savoy Place, London, W 02), at 230 pm — 
Dr N A de Bruyne “Sticky Plasties" (sith Lecture for Young 
People ) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or 
befoie the dates mentioned 

LECTURER (preferably with an interest m the theory of machines, 
mechanical servomechanisms or the strength of materials) IN MECHAN- 
ICAL ENGINEERING—-The Secretary, The Queen's University, Belfast 
(January 1) 

SENIOR LECTURER IN CLINICAL BIOCHEMISTRY at the Umversity of 
Melbourne, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, WC1 
(January 4) 

SENIOR LECTURER (with an honours degree and, preferably, a 
highe: degree in electrical engineering, with spcemlization in elec- 
tronics) IN ELECTRICAL ENGINEERING—The Secretiry, Association of 
Universities of the Biitish Commonwealth, 36 Gordon Square, London, 
W Ci, or The Registrar, University of Queensland Brisbane, Queens 
land, Australia (Australa and London, January 15) 

LECTURER IN BIOCHEMISTRY IN THE DEPARTMENT OF SURGERY to 
work on problems related to the formation of pre-collagen and collagen 
in wound heahng—Jomt Clerk to the University Court, Queen's 
College (University of St Andiews), Dundee (January 16) 

LEOTURER/SENIOR LECTURER IN NUTRITION to undertake teaching 
and research in Àhvestock nutrition m the Department of Nutrition 
and Chemueal Pathology, Faculty of Rural Science, University of 
New England, Austiaha-—-The Secretary, Association of Universities 
of the British Commonwealth, 30 Gordon Square, London, W C1 
(Austraha, January 20) 

ASSISTANT LECTURER IN STATISTICS, to teach theoretical statistics 
and some mathematies-—The Secretary, The London School of Econ- 
omics and Political Science, Houghton Street, Aldwych, London, 
W C2 (January 22) 

BABCOCK AND WILCOX FELLOW IN NUCLEAR ENGINEERING—The 
Registrar, Queen Mary College (University of London), Mile End 
Road, London, E 1 (January 30) 

COAL PETROLOGIST (graduate majormg in geology or with equivalent 
qualifications, and considerable experience m the field of coal petrology) 
IN THE COAL RESEARCH SECTION, Commonwealth Scientific and 
Industrial Research Organization, Sydney, New South Wales, Aus- 
tralia, to carry out investigations on the mucroscopy of coals and 
cokes—The Chief Scientific Liaison Officer, Australian Seientific 
Liaison Office, Africa House, Kingsway, London, W C92, quoting 
Appomtment No 480/324 (January 30) 

SENIOR TUTOR-DEMONSTRATOR IN PHYSICS at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 
SIMI Commonwealth, 36 Gordon Square, London, W C 1 (Australia, 

anuary 

SENIOR LECTURER/LECTURER IN CHEMICAL AND EXTRACTION 
METALLURGY at the University of New South Wales, Austraha—The 
Agent General for New South Wales, 56-57 Strand, London, W C 2 
(Australa, January 31) 

LECTURER or ASSISTANT LECTURER (with a special interest in 
climatology and/or biogeography and prepared to take part m the 
teaching of practical caitography) IN GEOGRAPHY—The Secretary 
and Registrar, The University, Southampton (February 1 

LECTURER or ASSISTANT LECTURER (with a speclal mterest in some 
aspect of systematic botany, preferably ın experimental taxonomy of 
vascular plants or paleobotany) IN BOTANY—-The Secretary and 
Registrar, The University, Southampton (February 1) 

LECTURER (with a good university degree and experienced m the 
teaching of physics and/or mathematics in schools) IN Epvcation— 
The POMA and Registrar, The Universitv, Southampton (Feb- 
ruary 

CHAIR OF PHYSIOLOGY IN THE LONDON Hospital MEDICAL COLLEGE 
~The Academic Registrar, University of London, Senate House, 
London, W C1 (February 1) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN PHYSICS, 
CHEMISTRY, BIOCHEMISTRY, ENGINEERING, METALLURGY and PHAR- 
MACOLOGY—The Registrar, The University, Liverpool (February 13) 

JUNIOR LECTURERS (2) IN MATHEMATICS—Prof E © Titchmarsh, 
Mathematical Institute, The Umversity, Oxford (February 20) 

ENTOMOLOGIST (with a good honours degree in zoology or entomology, 
and preferably postgraduate research experience in forest or timber 
entomology) with the West African Timber Borer Research Unit, 
Kumasi, Ghana, to undertake studies of the biology, ecology and 
control of timber and lumber pests--The Director of Recruitment. 
Colonial Office, London, 5 W 1, quoting BCD 197/510/01T à 
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Great Britain and Ireland 


Pharmaceutical Legislation in Great Britain By Allan Duckworth 
(Paper presented at the Inteinational Congress on the Problems of 
European Pharmaceutical Legislation, held under the auspices of the 
Ttahan Society of Pharmaceutical Science, Rome, May 4-6, 1959 ) 
Pp (London  Associat.on of British Pharmaceutical inde 
1959) 

Becoming a Teacher Pp 8 (London Ministry of Education; 

Imperial College of Science and Technology (University of London) 
Prospectus 1960-61 Pp vin+56+4 plates Calendar, 1959-60 
inepte (London Imperial College of Science and Technology, 


Report and Record for 1953 
to 1959, With a Inst of Members Pp 24 (London Hampstead 
Scientific Society, 1959 ) 411 

Annual Report on the Meteorological Office for the year April 1, 
1958, to March 31, 1959 Pp 51+5 plates (MO 659) (London 
HM Stationery Office, 1959 ) 8s 6d net [411 


The Hampstead Serentific Society 


Great Britain and Ireland 


United States Department of the Interior Geological Survey 
Water-Supply Pape: 1370-C Summary of Floods in the United 
States during 1954 Prepared under the direction of J V B Wells 
Pp vn4-201-208--plates 2-5 30 cents Water-Supply Paper 1375 
Ground-Water Resources of Riverton Irrigation Project Area, Wyom- 
ing By Morris O M Hackett, K E Vanher and E A Moulder 
With a section on Chemical Quality of Ground Water by W H Durum 
Pp vi+205+6 plates Water-Supply Paper 1402 Quality of Surface 
Waters of the United States, 1955 Parts 7 and 8 Lower Mississippi 
River Basin and Western Gulf of Mexico Bagins Prepared under the 
directon of S K Love Pp x--589 1 75 dollars Professional Paper 
306-B Geology and Paleontology of Canal Zone and Adjoining Parts 
of Panama—Deseription of Tertiary Mollusks (Gastropods Ver- 
metidae to Thaididae) By W P Woodrnng Pp 114-147-239+ 
plates 24~38 Professional Paper 314-H Pre-Atoka Rocks of Northern 
Arkansas By Sherwood E Frezon and Ernest E Glek Pp m+ 
171-189--plates 20-31 Professional Paper 315-B Geology of part 
of the Horseshoe Atoll in Borden and Howard Counties, Texas By 
R J Burnside Pp 11421-35+plates 10-14 (Washington, D C 
Government Printing Office, 1959 ) [3010 

United States Department of the Interior Geological Survey 
Water-Supply Paper 1422 Geology and Ground-Water Resources of 
Medina County, Texas By O L R Holt,Jr Pp vi+213+plates 
1-6 Water-Supply Paper 1432 Surface Water Supply of ihe United 
States, 1056 Part 1-B North Atlantic Slope Basins, New York to 
York River  Prepaied under the direction of J V B Wels Pp 
X14-627 2dollars Water-Supply Paper 1508 Surface Water Supply 
of the United States,1957 Part5 Hudson Bay and Upper Mississippi 
River Basins Prepared under the direction of J V B Wells Pp 
xu+624 2dollars Water Supply Paper 1512 Surface Water Supply 
of the United States, 1057 Part 8 Western Gulf of Mexico Basins 
Prepared under the direction of J V B Wells Pp x-F536 175 
dollars  Water-Supply Paper 1517 Surface Water Supply of the 
United States, 1057 Part 13 Snake River Basın Prepared under 
the direction of J V B Wells Pp viu--261 1 dollar (Washington, 
D Government Printing Office, 1959 ) [3010 

Indian Forest Records (New Series) Timber Mechanics Vol 1, 
No 6 Physical and Mechanical Properties of Woods Tested at the 
Forest Research Institute, Report V By A C Sekhar and 8 8 
Bhatnagar Pp 123-135 Rs 125, 2s Indian Forest Bulletin 
(New Series) Entomology No 221 Clump-Curing of Bamboos 
and Susceptibility to Powder-Post Beetle Attack By Dr R 
Mathur Pp 19 Rs 225, 3e 9d Indian Forest Records (New 
Seres) Timber Mechanics Vol 1, No 7 Physical and Mechanical 
Properties of Woods Tested at the Forest Research Institute, Report 
VI By A C Sekhar and D N Bhatia Pp 1+137-146 Rs 1, 
1s 6@ Vol 1,No 8 Physical and Mechanical Properties of Woods 
Tested at the Forest Research Institute, Report VIL By A C Sekhar, 
B R Senand S S Bhatnagar Pp 147-154 Rs 087, 1s 8d 
(Delhi Manager of Publications, 1957 and 1958 ) [3010 

Some Aspects of Food Technology in India Edited by H A B 
Parpia, R C Bhutiam, K L Radhakrishnan, A N Sankaran and 
BY Subbarayappa (Specially brought out on the occasion of the 
FAO Regional Seminar on Food Technology for Asia and the Far 
East, August 1-8, 1959) Pp viu--160 (Mysore Central Food 
Technological Research Institute, 1959 ) [3010 
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SCIENTIFIC MAN-POWER PROBLEMS IN BRITAIN 


HREE years ago, in October 1956, the Scientific 
Man-power Commuttee of the Advisory Council 
on Scientific Policy issued a report on scientific and 
engineering man-power in Britain, based on mforma- 
tion collected from Government departments, in- 
cluding a survey earned out by the Mimistry of 
Labour, with the help of the Social Survey, of all 
manufacturing establishments employing 500 workers 
or more, and on à sample of those employmg between 
100 and 499 A report now issued by the same 
Committee (see p 1982 of this issue of Nature) gives 
mfoimation about the numbers and employment of 
scientists and engmeers in Great Britain at the begm- 
nmg of 1959 and the changes which have occurred 
since 1956, mcludmg a review of forecasts by em- 
ployers of ther demand for scientists and engmeers 
by 1962 This 1s based on mformation collected by 
the Ministry of Labour and National Service in the 
first three months of 1959 No attempt 1s made to 
re-assess the long-term demand as forecast m the 
earlier report, but an estumate 1s made of the number 
of scientists and engineers who will qualify durmg 
the next three years, and the short-term relation 
between supply and demand is examined Neither 
survey meludes technologists with specialist quah- 
fications im branches of applied science such as 
textiles, rubber or plastics unless they are also 
qualified scientists or engmeers as defined for the 
purpose of the earlier survey As in that survey, the 
Ministry of Labour inquiry included private industry, 
nationalized industry and publie corporations, central 
and local government (excludig education and the 
Armed Forces) and education Together these em- 
ployments account for almost 90 per cent of all 
qualified scientists and engineers in. Great, Britam 
At the beginning of 1959, the mquiry mdicated 
that about 173,000 scientists and engineers were 
employed m Great Britain, an increase of rather more 
than one-fifth on the number employed in 1956, and 
a third of the merease for which, ıt was suggested, 
minimum provision should be made by 1966 About 
20,000 of these are engaged on defence work, including 
one im four on research and development in industry 
and government establishments, and there 1s evidence 
that the proportion engaged on defence work has 
fallen during the past three years Between 1956 and 
1959 the number of scientists and engineers employed 
in manufaeturmg industry mereased by about 30 per 
cent, although mdustrial production was relatively 
stable The mecrease occurred mostly m those mdus- 
tries which have shown some increase in output 
durmg the period, and more particularly in. the newer 
industries which have expanded rapidly smce the 
War, and which employ relatively larger numbers of 
scientists and engineers Investment durmg the 


period has been high, and about two-fifths of all 
scientists and engineers in industry are employed on 
research and development work which can be expected 
to show results m the longer term 

According to the statements of employers, there 
were immediate vacancies for about 9 per cent more 
scientists and engineers at the beginning of 1959, and 
if these vacancies had been filled the total employed 
would have approximated closely to the forecast of 
requirements the employers made in 1956 There 
were, nevertheless, wide divergencies between fore- 
cast requirements and actual recruitment m mdustrial 
groups, while apart from unforeseen economic and. 
technological changes, some employers were not in as 
strong a position as others to compete for the qualified 
scientists and engineers they wished to recrurt While 
in the technical colleges the merease m the number 
of teachers has kept pace with the most recent 
estimates of demand, 1n the schools there has been a 
relatrvely greater mcrease m the number of boys and 
girls studying science than im the number of science 
teachers In the grammar schools the continued 
merease imn the number of teachers has been just 
about sufficient to maintam standards of teaching 
science, notwithstanding the increase in the number 
of those studyimg science in the sixth forms, but 
many schools have had to face serious difficulties 

These figures may well be considered here m detail, 
for the educational position 18 the critical factor In 
1959, some 33,650 scientists and ongineers were 
teaching ın. universities, technical and teacher trammg 
colleges, and schools. Omuttmg a group of. 1,300 
engmeers in technical colleges and 370 teachers m 
independent schools, the total of 31,980 compares 
with 28,040 in 1956, and of these, 4,175 were teachmg 
m the universities, 5,560 1n the technical and teacher 
traming colleges, and 22,245 ım the schools While, 
however, the actual increase in the technical and 
teacher tramung colleges was 23 per cent compared 
with 14 per cent forecast, m the universities ıt was 
28 per cent compared with 33 per cent forecast, and 
in the schools only 10 per cent compared with 18 per 
cent forecast, and an inerease of 18 per cent m the 
number of secondary school pupils There is evidence 
that teachers of mathematics are scarce, while the 
supply of biology teachers appears to have at least 
kept pace with demand ^ Nevertheless, the survey 
shows that the shortage of scientists 18 still most 
acute in the schools, and smee the returns recerved 
from employers mdicate no slackening at present m 
the demand for qualified scientists and engineers, the 
continuing shortage of surtably qualified teachers 138 
likely to remain a matter of serious concern 

Indeed, in secondary schools other than grammar 
schools, the growth m the number of children and 
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the efforts now bemg made to develop new courses 
are creatmg new demands so rapidly that there 1s 
little or no prospect ın the next three years of mam- 
tamung even current stendards, although the Man- 
power Committee considers that the position should 
improve afterwards In grammar schools 16 concludes 
that the experience of the past three years 1s hkely 
to be repeated over the next three The Man-power 
Committee does not consider the implications of any 
change in policy directed to ensure that a larger 
proportion, of school leavers have at least some 
general acquaintance with science and 1ts methods, 
and ıt ıs left for the Advisory Council on Scientufie 
Policy in its annual report, issued simultaneously 
with that of the Scientific Man-power Committee, to 
emphasize that madequate school education m 
mathematics and the physical sciences will have 
deta imental repercussions on the efforts bemg made 
by the universities and technical colleges to morease 
the output of professional scientists and engmeers 

The Scientific Man-power Committee, apart from 
a word of caution as to how far the employers’ state- 
ments constitute a real basis for an estimate of future 
demand, does not attempt any appraisal of the total 
on the hnes of Prof J. Jewkes’s analysis in his 
presidential address to Section # (Economics) at the 
British Association meeting at York. The questions 
which Prof Jewkes asked need to be kept m mind m 
considermg both the forecast demand for scientists 
and engmeers by 1962 and any measures proposed 
to provide a sufficient supply As already noted, 
immediate vacancies amount to about 9 per cent 
of the 63,581 employed in private manufacturmg 
industry at the beginning of 1959, and all employers 
together hope for an increase m numbers of 38,700 by 
1962, or a total increase of 22 per cent, while a further 
14,600 will be required to replace losses from retire- 
ments, deaths and migration. 

In its previous report, the Man-power Committee 
estimated that the annual flow of qualified scientists 
and engineers from the universities, professional 
mstitutions and technical colleges would have to 
increase from just over 10,000 m 1954-55 to about 
20,000 by 1970 to be compatible with the number 
of scientists and engmeers which is thought to be 
required to sustam an acceptable rate of economie 
growth Present forecasts suggest that the number 
of scientists and engmeers quahfying for the first 
time will mcrease from 14,000 ın 1958 to 18,500, and 
that 47,500 newly qualified scientists and engineers 
will become available for employment m Great 
Britam during the three years 1959-61 The rate of 
increase durmg the past three years has been higher 
than was expected im 1956, and if ıt continues until 
1966, the onginal target of 20,000 should be reached 
by the mid-1960's. 

Nevertheless, aftor allowing for the replacement of 
wastage, the total numbers coming forward durmg 
the next three years are still likely to fall short of 
employers’ estimates of ther needs, and m particular 
the shortage of mathematicians, physicists and 
chemists ıs hkely to continue. Of the 14,600 quah- 
fymg ın 1958, about 5,700 were scientists and 8,900 
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engineers, and the rate of merease for engmeers (from 
6,800 m 1955) has been higher than for scientists 
(5,250 m 1955) While the Advisory Council for 
Scientific Poliey sees no likelihood of the universities 
and colleges of technology tramung too many pro- 
fessional scientists and technologists, 15 has reserva- 
tions as to particular categories, such as biology 
Biologists with specialized trammg m such fields as 
biochemistry or physiology are unlikely to encounter 
any difficulty m obtaming employment, but tho 
average graduate im biology may well find the best 
opening in teaching, and the Advisory Council sug- 
gests that those who intend to study biology should 
be warned of the importance of supporting qualifica- 
tions in mathematics or a physical science, and also 
of possible difficulty in obtammg posts ın them 
subject unless they are outstandmg or proceed to 
postgraduate tramug or specialization 

The Advisory Council on Scientific Policy agrees 
with the Scientific Man-power Committee that 
experience of three years 1s an insuffeient basis for 
detailed re-assessment of the long-term demand 
However, the picture presented m this report shows 
a welcome trend of a higher rate of growth in 
the employment of scientists and engmeers than had 
been expected, and also & higher output of tramed 
men, but there 1s still much work to be done before 
an accurate picture can be obtamed Nor 1s this 
solely a matter of seeling answers to some of the 
questions which Prof Jewkes has raised Even if 1 
is shown that mdustry’s estimates and forecasts are 
excessively high, and that there ıs considerable scope 
for economy through the more efficient use of 
scientists and technologists, that could be largely 
offset by one aspect which 1s not covered by the 
report, although it is clearly very much m the mind 
of the Advisory Council on Scientific Policy, namely, 
the demand from overseas for British scientists and 
technologists 


MYTH AND RITUAL 


Myth and Ritual in the Ancient Near East 

An Archzological and Documentary Study. By 
Prof E O James Pp 352 (London Thames 
and Hudson, Ltd, 1958) 35s net 


URING the past quarter of a century and more, 

British scholarship has played an outstanding 
part m the mvestigation of the problems of myth 
and ritual m the ancient Near East, as 1s shown 
by the successive symposia edited by S H Hooke, 
namely, “Myth and Ritual” (1932), “The Labyrmth” 
(1935), “Myth, Rivual and Kingship” (1958) To the 
third of these volumes two foreign scholars con- 
tnbuted, one of them a Swede, the British achieve- 
ment thus bemg lmked with the remarkable actrvity 
of Scandmavien scholars im the same field Now we 
have a wide-ranging study by a veteran student of 
rehgion, Prof E O James, which many will welcome 
as a most helpful guide through the tangled jungle 
of ancient religious belief and practice The author 
draws on the most recent archeologieal evidence— 
much of it makes very severe demands on the 
interpreter—from Egypt, Syria, Palestme and Meso- 
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potamia, and from even farther afield, fiom the 
Aigean, Anatoha, Persia and Western India Tho 
notes and bibhography show how wide and thorough 
has been the research which lies behind this attractive 
volume 

It is quite essential m work of this kind that careful 
attention should be given to the meanmg of the terms 
used Prof James has much that is illummetmg to 
say by way of definmg the meanmg of the word 
‘myth’ Properly understood, myth 1s, m Mahnow- 
ski’s words, ‘a narrative resurrection of a primeval 
reality”, which accompanies the ritual by which a 
body of people maintams its corporate life It has 
thus to be distinguished from folk-tales and Marchen 
and sagas which are told merely for purposes of 
entertamunent, having lost then origmal religious 
function It 1s claimed, however, though the distinc- 
tion 1s not made very clear, that a considerable body 
of myths exists apait from any ritual setting, those 
which we can class as «etiological, where the original 
ritual connexion has been forgotten or is no longer 
operative There are also the legends and sagas 
which embody the essential traditions of a people and 
eventually give birth to lustory and so are not to be 
classed as mere entertamment In these, myth has 
not yet ceased to be functional 

The myths which form the subject-matter of the 
mam inquiry are dealt with under various heads 
The beginnmgs of myth and ritual are studied with 
reference to the evidence of cave art and of the earhest 
hterary sources Then follow six chapters which 
describe and discuss the seasonal cult drama, the 
sacral kingship—a subject which has rightly occupied 
the centre of interest m scholarly mquiry in this field 
— ihe mother-goddess and the sacred marmage, the 
myth and ritual of creation, good and evil and the 
sacred combat, and eschatological mythology Prof 
James follows Frankfort m recognizing that there is 
not identity of pattern m myth and ritual over the 
whole area under survey, but pleads for a fundamental 
similarity At the same tune, he makes clear the 
distinctive use which Israel made of the ideas and 
practices which 1t borrowed The reader could not do 
better than read this book m conjunction with 
“Before Philosophy” by Frankfort et al (Pelican 
Books) and the first volume of Voegelin’s monu- 
mental “Order and History? In much that is 
excellently expounded, Prof James 1s especially to be 
congratulated on his elucidation of the relation that 
existed between the Memphrte, the Hieropolitan and 
other Egyptian theologies He perhaps shows more 
confidence than 1s justified ın Ventris’s claim to have 
decrphered the Mmoan script Linear B 

I have noted a few minor errors and slps On 
p 62 Enoch should be Enosh On p 65 the date of 
the fall of Samaria should be 722 and not 586, while 
1b 1s scarcely correct to equate berth and cultus On 
p 66, hne 6, "Jater' should surely be ‘earher’ (cf 
Leviticus 23 23 ff with I Kings, 12, 32-3) Onp 69 
read Hekatombaion On p 122 there ıs something 
wrong in the reference to Adoms grieving for Attis 
On p 125 15 1s odd to find Aleyan-Baal described as 
the mother of Mot On p 147 ‘Atum’ should surely 
be read ‘Ptah’, while on p 271, ‘Agamemnon’ should 
be ‘Pram’ On p 267 the third sentence (ending 
with ‘Grbeon:tes’) 1s so maccurate that 1b requires 
radical revision On pp 272-3 there seems to be a 
contradiction between two statements of the view 
m the Ihad regardmg men’s responsibility for the 
sufferings that afflict them 

Norman W Porteous 
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NUCLEAR TECHNOLOGY AND 
THE SCHOLARLY TRADITION 


The Physical Theory of Neutron Chain Reactors 
By Alvin M Wemberg and Eugene P Wigner Pp 
xu+801 (Chicago University of Chicago Press, 
London Cambridge University Press, 1958 ) 112s 6d 
net 


HE Geneva Conference in 1955 released a vast 
amount of mformation on nuclear technology 

and stimulated the publication of a large number of 
books and periodicals An appreciable fiaction of 
these were. undeistandably but effectively, catalogues 
of materials or of reactor types, facts were para- 
mount and reasons somewhat neglected Authors 
and teachers now have, as one of ther tasks, to 
select from a large and expanding body of facts those 
which demonstiate most clearly the fundamental 
aspects of the subject For reactor technology a 
notable contribution to the organization of the 
fundamentals has been made by Wemberg and 
Wigner m this book The preface states explicitly 
that one of ther aims 1s to help develop a scholarly 
tradition m reactor technology and both authors 
are, of course, well equipped for the task It 18 not 
surprising that Wigner, as the distinguished holder 
of a chair of theoretical physics, should embark on 
it, but we must feel grateful that Wemberg’s duties 
as director of a large national laboratory have left 
him with sufficient energy and enthusiasm to col- 
laborate 

From the begmnmg ib 1s clear that the ‘physical’ 
in the title 1s meant to be justified and fully one-quarter 
of the book 1s concerned with nuclear physics 
Obviously, the authors hold the view that an un- 
critical extrapolation from known cross-section data 
18 becoming more prevalent and 1s highly undesirable 
To reduce this tendency they devote several chapters 
to & discussion of neutron mteractions m general and 
to the fission process in particular For the new- 
comer to nuclear physics some prehmmary guidance 
im the history of nuclear models would help the 
process of assumilation, but no such help 1s needed 
with the chapter on fission , 1t 1s a clear and stceimct 
presentation of the main features 

After deahng with the nuclear foundations, the 
book turns to cham reactions and to the moderation 
and diffusion of neutions The short chapter on 
chain reactions introduces a change m termmology 
from that normally used “‘ertticality factor" takes 
the place of "effective multipleation factor”, and a 
new term, “finite multiplication factor” 1s introduced. 
The latter 1s concerned not with neutron leakage 
from finite systems but with the possible dependence 
of quantities such as resonance escape probability 
and thermal utihzation on the size and shape of a 
reactor This dependence 1s weak, but the discussion 
of 15 18 m keeping with the mgour exhibited m many 
parts of the book In view of thus, 16 18 a pity that 
there ıs a slip 1n the section on multiplication factors 
where these are stated to be less, mstead of greater, 
than the criticality constant 

Diffusion and transport theories fo. mono-energetic 
neutrons, and hence for thermal neutrons once the 
representative velocity has been selected, are pre- 
sented m two long chapters The first shows clearly 
the assumptions mvolved m the use of diffusion 
theory and forms a valuable mtroduction to the 
study of neutrons m bulk matenals The second 
presents Boltzmann’s equation m various mathe- 
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matical forms and discusses methods of solution 
Chapters on the energy spectrum during moderation 
end on the diffusion and thermalization of fast 
neutrons complete the first half of the book, and any 
reader well acquamted with its contents 1s fully 
equipped to embark on the study of reactor theory 
which follows Here the mtroductory chapters are 
concerned with unreflected homogeneous systems, 
both critical and sub-errtical Non-umform reactors 
and reflectors follow and provide an opportunity for 
the mtroduction of two-group analysis, multi-group 
methods also are mentioned briefly Up to this point 
the discussion has been concerned principally with 
the steady state, but the emphasis changes with the 
introduction of perturbation theory and with the 
treatment of reactor kmetics The last chapter in 
the book deals with the theory of control rods but, 
before this ıs reached, heterogeneous reactors receive 
the thorough treatment which by this stage the 
reader is taking almost for granted. 
J. WALKER 


HETEROGENEOUS CATALYSIS 


Advances in Catalysis and Related Subjects 

Vol 10 Edited by D D Eley, W G Frankenburg 
and V I Komarewsky Pp xvi+326 (New York 
Academic Press, Inc , London: Academic Books, 
Ltd, 1958) 1l dollars, 88s 


HE preparation of this tenth volume of “Ad- 
vances m Catalysis’ has unhappiy comeided 
with the death of two of the founding editors, W G 
Frankenburg and V I Komarewsky Tributes to 
them appear appropriately at the begmning of the 
book By mamtammg a balance between the more 
academic and the more technical aspects of hetero- 
geneous catalysis, and by allowing occasional excur- 
sions into homogeneous and biological catalysis, the 
editors have progressively encouraged the specialist 
to broaden his horizon Vol 10 carries this tradition 
further and ıs certam to add to the wide, mternational 
readership which the series already enjoys 
For the most part, the articles follow the pattern 
of earlier volumes by describing the contributions to 
knowledge of catalysis made over the years by 
individual groups, the accounts bemg written by one 
or moro of the authorities concerned Three of the 
seven articles ("The Infra-red Spectra of Adsorbed 
Molecules”, by R P Eischens and W A Phskm, 
“The Active Surface of Cholmesterases and ther 
Catalytic Action m Ester Hydrolysis”, by F Berg- 
mann, and “Commercial Alkylation of Paraffins and 
Aromatics”, by E K Jones) also molude sufficient 
description of related work m other laboratories to 
be classified as general reviews of the subjects 
indicated The remaining four articles (“The Nature 
of Active Centres and the Kimetics of Catalytic 
Dehydrogenation”, by A A. Balandim, “The Influence 
of Crystal Face m Catalysis’, by A T Gwathmey 
and R E Cunningham, “The Reactivity of Oxide 
Surfaces", by E R S Winter, and “The Structure 
and Activity of Metal-on-Silica Catalysts’, by G C A 
Schut and L L van Reen) are comprehensive so 
far as the work of the origmating laboratories 1s con- 
cerned, but rather selective m them coverage of 
parallel studies conducted elsewhere 
A A Balandin describes both the geometric and 
energetic aspects of his multiplet theory and applies 
1t to a wealth of well-documented experimental data 
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Since most of his origmal papers are in Russian, this 
account m Enghsh is particularly valuable F Berg- 
mann gives a well-presented development of the 
present status of knowledge on the arrangement of the 
components at the cholmesterase surface and on the 
mechanism of enzymatic hydrolysis R P Eischens 
and W A Pliskin describe ther own important 
infra-red studies on metal—silica and oxide catalysts , 
they also include, among other topics, a critique of 
the Russian work on the spectra of adsorbed hydroxyl 
radicals A T. Gwathmey and R E Cunmngham 
largely confine themselves to a descriptive, but very 
well-ilustrated, account of the selective reactivity of 
certain faces of copper and nickel single crystals m 
oxidation and in the presence of carbon monoxide, 
ethylene and hydrogen oxygen muxtures Tho 
article by E K Jones deseribes (with a rather un- 
necessary amount of jargon) the sulphuric and hydro- 
fluorie acid processes for the production of high- 
octane fuels and also outlines the newer developments 
m the petrochemicals field afforded by alkylation 
methods G C A Schur and L L van Reyen apply 
fundamental thermodynamic and kmetic treatments 
to their thorough expermmental studies of adsorption 
and catalysis on nickel -slca and other supported 
metal catalysts, and E R S8 Whnter gives a full 
account of his valuable research on the application 
of oxygen-18 and carbon-13 isotopes m studies of 
adsorption, catalysis and oxygen exchange at oxide 
surfaces 

The volume, which 18 well produced, will be mdis- 
pensable to all laboratomes where there is active 
research m heterogeneous catalysis 

F S Sronz 


THE GENUS OENOTHERA 


Taxonomy and Genetics of Oenothera 
Forty Years Study m the Cytology and Evolution of 
the Onagraceae By R Ruggles Gates (Mono- 
graphiae Biologicae, Vol 7) Pp 115 (The Hague 
Dr W Junk, 1958) 14 guilders 

HE genus Oenothera has been of considerable 

mmportance in the history of genetics and cyto- 
logy, and Prof Ruggles Gates has for many years 
been one of the most active students of the genus 
His publications concerning the evenmg primroses 
have been numerous and it 1s useful to have an 
outline of the results summaaized in one volume 
Cytogenetically, species of Oenothera differ from the 
majority of plants the chromosome behaviour of 
which has been studied in that there is “pammeg of 
the chromosomes at them end portions only” Thus 
are formed rmg-pairs at meiosis In addition, the 
evolutionary conditions m the genus are further 
comphcated by non-disjunction, trisomics, polyploid 
mutations, genetic complexes, balanced lethals, self- 
sterility factors, self-polhnatron, and dommant 
mutations fo. smaller flowers Since catenation, 
combmed with the presence of balanced lethals, 
prevents the segregation of homozygotes im tho 
offspring of a cross, there result plants which breed 
true although highly heterozygous 

The author has grown and studied hundreds of 

cultures of Oenothera The resultant taxonomy, 
iange, and distribution are given for a number of 
complexes, and culture variations are considered 
The evolution of the genus is divided into two 
periods first, the pre-Pleistocene, durmg which 
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differentiation of the large-flowered open-pollinated 
species such as O hookers, O grandiflora and O gilh- 
cola took place by ordmary methods, the chromo- 
somes all remamung as free pairs, secondly, the 
Pleistocene and especially post-Pleistocene period, 
durmg which chromosome linkage took place, fol- 
lowed by the production of a great numbor of self- 
polunatmg forms with small flowers as the genus 
spread northwards after the last retreat of the ico. 
Thus, the method of evolution appears to have 
changed radically durmg the evolution of the genus 

The value given to the very numerous taxa, 
recorded by Prof Ruggles Gates and others, mm any 
taxonomic scheme can only be judged fairly by one 
who has made a special study of Oenothera and allied 
genera Apart from the general true-breeding char- 
acter of these taxa. 15 1s certam that many differential 
characters are mvolved and that some or other of 
these are shown at all stages of the life-history from 
the young seedling to the final phases of reproduction 
It ıs none too clear, however, as to how the author 
determines taxa, as species, micro-species, sub-species, 
varieties, ete It would have been mteresting to have 
had from him at least working definitions of such 
categories as he uses within the genus Oenothera 

W B Torro 
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SCIENCE AND SCEPTICISM 


The Way Things Are 

By Prof P W Bridgman Pp.xi4-3383. (Cambridge, 
Mass : Harvard University Press , London. Oxford 
University Press, 1959) 45s. net. 


N this remarkable compilation the author gives us 

his views, frequently unorthodox, on Marxism, 
death, integriby, psycho-analysis, taxation, freewill, 
Red Indian languages, martyrdom, sovereignty, faith, 
mulitary service, McCarthy, the economic status of 
the teaching profession, and the illogicality of women. 
Income tax provokes Prof. Bridgman’s mdignation 
as much as anythmg ‘To me the thing that is 
hardest to bear ıs the obvious mequity of ıb all I 
do not expect my neighbour to give to me of his 
goods because I need them more than he does— 
why should society compel me to give of my goods to 
society because society needs them more than I do, 
society bemg only all my neighbours together ? 
Every time I pay my income tax I smart under a 
sense of unfairness as keen as that of the old militant 
suffragette, denied the night to vote merely because 
of her sex I feel exploited and discrimmated agamst 
on the basis of superior ability and industry. It 1s 
hard to keep away the bitterness.” 

The thiead of the book 1s difficult to find, to under- 
stand and to follow Bridgman contends that there 
is an “meptness” m our thmkmg m the natural 
sciences, in psychology, and in politics This 1s 
characterized m three mam ways all observations 
affect ther subject-matter, no system can fully 
account for itself (Godel’s theorem 1s mentioned 
here), and all knowledge 1s private to the perceiver 

We cannot, laments Bridgman, “get away from 
ourselves”. Even mathematical proof, he says, 1s a 
personal matter which cannot be communicated, and 
so mathematics 1s even less “objective” than chomis- 
try or physics If this 18 80, 15 1s difficult to see how 
mathematics can be taught Bridgman’s difficulties 
over subjectivism and solipsism appear to rest on a 
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confusion between the acquisition of knowledge, 
which 1s a personal matter m the sense that a particu- 
lar individual must make the observation, conduct 
the experiment or find the proof, and what 15 1s that 
18 found out, which may be as “objective” or “public” 
as you please Some of Bridgman's discussions of 
concepts in the natural sciences, such as “particle” 
or "probability" are interesting and helpful, but 
there 1s an meradicable erankiness about the book 
which, m view of the distinction of both the author 
and the publisher, 1s as surprising as 16 1s regrettable 
C K Grant 


THE UNIVERSITY OF LEICESTER 


New Univers ty 

By Prof Jack Simmons Pp 233+16 plates. 
(Leicester. The University Press, 1958) 12s. 6d. 
net 


ROF SIMMONS has made an admirable contri- 

bution to the growing library of books about the 
origins of modern universities. Has first chapter is & 
neat and concise account of the widespread move- 
ment which has multiplied the undergraduate popula- 
tion m England by nearly fifty in less than 150 
years Against that background he tells with 
sympathy and candour the story of the Unrversity of 
Leicester 

It was fitting that Leicester should become a 
university town, for ıb 1s ancient, prosperous, trun 
and clean, and by the begmming of the twentieth 
century there existed im ıt strands of educational life 
waiting to be brought together m a university 
pattern But ıt had rivals not far distant, and it 
needed "the liberality, the determination and the 
toughness" of a small group of men to set the pattern 
and weave the fabric. 

The usual stages are recorded Press correspond- 
ence, a local committee, outside advice, and the 
dramatic acquisition of a budding. Then came 
squalls * the questions of ‘federation’ with Notting- 
ham, of the local nature of the projected University 
College, of delay m the appomtment of a principal. 
But on October 4, 1921, the College opened its doors 
to nme students and a staff of four 

In the following year ıt “made its formal bow to 
the publie" and began to face the problems of 
adolescence It had no smooth path, financial or 
academic, during the next fifteen years, and there 
was discontent, both withm it and about it But 
progress was made, until m 1945 the University 
Grants Committee recognized ıb for assistance from 
the Exchequer 

This wag in effect a second start, and by 1950 the 
University College had more than 700 students with 
ten professors and an energetic principal Building 
extensions and academic developments of consider- 
able enterprise paved the way for mdependence , and 
m 1957 the charter of the University was granted 

So the last of the ‘old university colleges’ attamed 
adulthood, and jomed the ancient and distinguished 
band of institutions which grant their own degrees m. 
full academic mdependence Each of the members 
of this band has its own distmetrve flavour Prof. 
Simmons has put us all in his debt by hus modest 
and fasematmg chronicle of the advances and set- 
backs, the struggles and the victories of this sturd 
new member of the university family 

J F WOLFENDEN 
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Maladies of Hevea in Malaya 

By Roger N Hilton With watercolours by Hoh 
Choo Chuan Pp 101 (Kuala Lumpur Rubber 
Research Institute of Malaya, 1959) 30 Malayan 
dollars 


HE reviewer feels he should make ıt clear at the 
outset that his acquamtance with Hevea brasia- 
ensis as a plantation tree 1s limited to Trmidad, where 
the chmate is not wholly suited to ıb and where 
ibis accordingly little grown He has therefore no 
personal experience of the diseases as such, though 
many of the fungi figured are familiar m other con- 
texts With these limitations he feels it difficult to 
criticize Mr  Hilton's text Mr Hoh Choo Chuan’s 
watercolours are outstandimg no less for their beauty 
than for ther extraordinary faithfulness and precision 
while ther reproduction is of the highest quahty 
Anyone who has tried to record white hyphe and 
mycelial strands straying over living leaves will 
appreciate the skill displayed m, for example, the 
plates of thread blight and powdery nuldew 
Only diseases and injuries to Hevea already known 
in Malaya are figured These include fasciation, leaf 
malformation, genetic yellows, chlorosis, o11 spot, leaf 
xim blight, sun scorch, heat scorch, hghtnig damage, 
fire damage, symptoms of herbicide poisonmg, 
waterlogemg and drought, brown bast, fissures of the 
tappmg panel and bark burrs as well as troubles 
associated with fungi and with Loranthus spp Each 
plate ıs accompamed by a page of text on which 
information regarding the disease is summarized 
under the headings symptoms, cause, other hosts 
and spread (where a pathogen 1s mvolved), prevention 
and treatment The diseases are arranged under the 
following headings those affectmg the whole plant, 
the roots, the stem and branches, the tappmg panel, 
leaves of young plants and leaves of mature plants 
The pomt of view 18 severely practical throughout and 
the work should prove a valuable handbook to the 
rubber planter ın the eastern tropics 
R W G Deynis 


Theory of Beams 

The Application of the Laplace Transformation 
Methods to Engmeermg Problems By T Iwmski 
Translated from the Polish by E P Bernat Pp 85 
(London and New York: Pergamon Press, 1958 ) 
21s neb 


ROM the pomt of view of the structural engineer 
with mathematical inclinations this 18 an mter- 
esting little book and 1t 1s hkely to be stmmulatmg to 
advanced students The solution of beam problems 
m practice has, however, long smce been reduced to 
the Judicious use of tabulated formation and most 
problems can be dealt with rapidly in this way 
It ıs stated that this monograph 1s the first part 
of & major project on the application of the Laplace 
transformation method to problems in the theory of 
structures Solution of the differential equation of 
uniform beams with hnear elasticity and uniform 
loadmg by means of the Laplace transformation is 
demonstrated followed by generalization to mclude 
the effects of concentrated forces and couples It is 
shown that the solution always consists of two 
parts. one part depends upon the support or 
boundary conditions while the other depends upon 
the system of loadmg By takmg account of this 
feature 15 1s shown that the problem of determmmg 
the deflected form of & beam can be transformed 
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from the solution of a differential equation to the 
solution of simultaneous algebraic equations Fmally, 
the solution of the differential equation of beams 
with variable flexural rigidity and subjected to general 
conditions of loading is considered 

T M CHARLTON 


Potassium Symposium 1957 

Sixteen Papers read at the Fourth Congress of the 
International Potash Institute, Vienna, 1957 Pp 
420--4 plates (Berne International Potash Insti- 
tute, 1959) np 


HE report published by the International Potash 
Institute as an outcome of 1ts congresses, held 
annually from 1953 to 1956, covered many aspects of 
broad and general mterest, potassium bemg considered 
from the aspect of agricultural chemistry throughout 
the various phases of the plant-soil system The 
theme of the last congress is moie particularized 
and the maim interest ıs m a varied assortment of 
species 1n. close association, especially herbage plants 
The part played by potassum m the growth of 
herbage plants, legumes and grasses, 18 a complicated 
matter smce numerous factors are mvolved The 
importance of grassland m agriculture justifies such 
@ restricted mterest and the papers cover some 
unportant aspects of ıt One of the topics was the 
influence of potassium fertihzers on animal produe- 
tion from pasture, another on ther influence on the 
cultivation of wrigated prairies m Italy, and others 
on ther application under widely differmg external 
conditions of moisture and temperature These 
titles mdicate the general field of interest in the 
congress The paper on the production of animals 
and pasture grazing led to a lively discussion on grass 
tetany 
This volume, 16 will be seen, 1s mainly of agronomic 
1nterest and m its field ıt provides information of real 
value The papers are m English, French, German 
and Italan, m some cases full translations bemg 
provided, and in most cases summaries m Enghsh, 
German, French and Itahan It is lavishly produced 
on thick glossy paper and has illustrations, some m 
colour, with an author index and subject mdexes m 
English, German, French and Itahan 


The Cellular Slime Molds 

By Prof John Tyler Bonner (Investigations ın the 
Biological Sciences, No. 1) Pp vni4-180-4-8 plates 
(Princeton, NJ Princeton University Press , 
London Oxford University Press, 1959) 32s net 


‘RECEDED by a brief review of the Mycetozoa, 

this account of the Acrasiales, taking m all 
published work up to 1959, ıs divided mto three 
sections corresponding to the biology, morphogenesis 
and genetics of this group Although many of the 
facts and concepts are already available m. review 
form, this new synthesis should be useful to those 
who have to lecture on these topics and to those want- 
mg a source book on developmental problems m 
relatively simple organisms Described on the cover 
as a monograph, the book lacks the objectivity and 
balance that 1s looked for m this form of writing, 
particularly m respect of the varying emphasis given 
to different aspects of our knowledge, and m. the 
conjectural nature of much of the discussion It is 
towards the end of the book (p 133) that the author 
realizes “such speculation soon becomes hollow and 
unrewarding”’ D Park 
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Land and Water Bugs of the British Isles 

By Dr T R E Southwood and Dennis Leston 
Pp x+436+63 plates (London and New 
York Frederick Warne and Co, Lid, 1959) 30s 
net 
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HIS book, the first published since 1892 to key 
all the British species of Hemiptera-Heteroptera, 

should be valuable both to the person who wishes to 
recognize and learn something about the occasional 
bug that crosses his path and to the student of the 
group The former will find the generally accurate 
coloured plates and black-and-white drawmgs will 
help him to recognize many of the species, while 
most of the keys are practical and not difficult to use 
Perhaps one exception 18 the key to the subfamilies 
of the Miridae (here the authors have my sympathy), 
which might be accompanied by a warning that the 
aroha and pseudo-arolia are not readily visible on 
carded specimens, also the term ‘collar’ is not 
accurately defined Some of the keys, too, might 
have more references, mcludmg pagination, to the 
text figures The keys and illustrations are usually 
sufficient for easy recognition the book gives no 
further description of the adult msect 

Technical terms are generally used but are very well 
defined in the glossary Another useful feature 1s a 
hst of plants m alphabetical order with references to 
the bugs usually associated with each There are 
also practical notes on collection, preservation and 
study 

The speciahst will find this book a valuable and 
up-to-date compilation of details of the biology and 
distribution of the species, amply substantiated by 
numerous references. The diploid chromosome 
complement is given, when known Confusion may 
sometimes be caused by the complete absence of 
synonyms m this book, a few of the new names 
bemg unfamihar to many collectors 

W. J. LE QUESNE 


British Parasitic Fungi 

A Host-Parasite Index and a Guide to British Litera- 
ture on the Fungus Diseases of Cultivated Plants 
By W. © Moore Pp xvi+430 (Cambridge: At 
the University Press, 1959) 45s net 


HEREVER crops are grown the study and 
control of fungus diseases ıs of major mmpor- 
tance ‘This is reflected m the vast and scattered 
hterature relatmg to diseases of economic plants 
Every time the plant pathologist finds a disease which 
is new to him he is faced with a timo-consummg 
search through this literature, much of which may 
not be readily accessible This task will be greatly 
lightened for the British plant pathologist by the 
publication of Mr Moore’s book The book 1s m two 
sections the first giving lists of recorded parasitic 
fungi, together with some actmomycetes, for every 
plant of any economic importance grown m Britain 
The second section lists the parasites alphabetically 
and for each gives the correct name and origmal 
reference, well-known synonyms and the common 
name(s) of the disease(s) caused For the more 
important diseases useful data relatmg to meidence 
and history and a list of the more important papers 
deahng with the various aspects of the disease are 
also given 
Mr. Moore brings to the compilation of thus book an 
unrivalled knowledge and practical experience of 
diseases of economie plants ın Britam, and the book 
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wil be an indispensable and authoritative work of 
reference for all mycologists and plant pathologists. 
It 1s well arranged and clearly printed, so that any 
desired item can be turned up at once It will 
assuredly save many hours m the identification of 
plant diseases and the trackmg down of the relevant 
hterature Luras E HAWKER 


Rivers and Man 

By Dr. Robert Bnttam Pp 288+13 plates. 
(London and New York Longmans, Green and Co , 
Ltd,1959) 21s net 


HE changing relationship between rivers and 

men through time 18 & fascinating topic and well 
worthy of the attention of the wide audience aimed 
at by this book The writing 1s, to say the least, 
enthusiastic. The canvas used 1s a broad one and the 
picture has been executed m glaring colours The 
technically quahfied will cringe many times as 
over-generalization follows over-generahzation The 
book as a whole raises the perpetual problem as to 
how science may be popularized without sacrificmg 
the truth The first chapter on the making of the 
world consists of a large number of undigested snip- 
pets of geological fact and fiction In dealmg with 
archeological matters ın the remaming ten chapters 
the author 1s more, m fact, much too plausible and 
uneritical. "The impression gamed ıs that archeology 
has no problems, that no one was ever m any doubt 
as to the meaning of evidence. Is this the kind of 
mage of itself that science wishes to project? I 


think not E H Brown 

Détecteurs de Particules (Compteurs et Scin- 
tillateurs) 

Mécanisme et Réalsation Par Daniel Blanc 

Pp v+324 (Paris Masson et Cie, 1959) 3,900 

francs 


HE progress of expermental nuclear physics 
has been very dependent on the development of 
new experimental apparatus at the appropriate time 
In the case of detectors for nuclear particles, the new 
device 1s frequently in common use m the research 
laboratory long before the detailed mechanism of the 
detector 1s fully understood The book under review 
was intended to collect together for the French- 
speaking physicist our present knowledge of detectors 
Its completeness, therefore, makes ıb rather useful 
Although more complete treatises on particular 
detector types exist m English, no recent one includes 
all types as this book does Moreover, a useful 
balance is struck by M Blanc between the theories of 
detection mechanisms and the recipes for making 
workable devices 
Rather more than half the book 1s devoted to 1on- 
chambers, mncluding a faly complete discussion of 
the Geiger-Muller counter Most of the remainder 
is devoted to scintillation counters of all kinds, 
including a useful discussion of photo-multipler 
types Chapters on spark counters and crystal 
counters are also included Unfortunately, the latter 
does not include semtconductor-junction counters 
Over the past year these have proved to be an exciting 
new development of the greatest importance Aside 
from this omission references are given very fully up 
to June 1958 The greater part of this volume should 
not go out of date too fast and will prove to be an 
mvaluable handbook especially for the graduate 
student ın nuclear physics E B PauL 
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IONIC PARTITION AND FINE STRUCTURE IN MUSCLE 
By Dr. SHIRLEY E SIMON 


Department of Pharmacology, University of Melbourne 


HE necessity fox reconcilmg the highly developed 
structural organization of muscle with existing 

concepts of ione accumulation, and the nature of the 
bioelectric potential, has been stressed in several 
recent papers'-* The idea of the cell as a srmple 
osmomete1, in. which a moderately distensible mem- 
brane separates two more or less equally randomized 
aqueous phases, would seem madequate m the hght 
of our knowledge of the detailed morphology of the 
system’,® Jt 1s well recognized’ that there is a gap 
between our knowledge of the ultra-structure of the 
system and the physiological function, and ıt would 
seem that an attempt to integrate the mformation 
obtamable from divergent fields of study should be 
fruitful 

A notable advance of this nature has been made 
by Porter and Pallade*, who have suggested that the 
sarcoplasmic reticulum may be concerned m the 
intracellular transmission of the action potential, and 
thus provide the morphological hnk between con- 
duction and contraction This hypothesis was based 
on ther own observations of the fine structure of 
the reticulum, and on the work of Huxley and 
Taylor5$? These latter authors were able to demon- 
strate that the local depolarization of the membrane 
by means of a muero-pipette led to contraction of 
the adjacent myofibril only if the pipette was placed 
opposite the I-band 

A full discussion of the function of the ‘endo- 
membranes’ of the cell has been given by Ruska et 
al *, both from the pomt of view of the intracellular 
transmission, of the membrane potential, and as 
phase boundaries which separate the various com- 
partments of the cell These authors also list the 
relevant bibhography 

Ruska ef al have been concerned chiefly with the 
electrical mhomogeneities of the system They have 
inferred an ionic mhomogeneity chiefly from the 
electrical evidence It would seem, however, that 
evidence for intense ionic gradients withm the cell 
can be deduced fiom other observations, and can 
therefore be considered to support the electiical 
findings. 


The Three-phase Theory 


Work carried out m this laboratory has led to the 
formulation of a three-phase theory to account for 
the ionic diserimination shown by muscle The 
evidence for this theory has been detailed m several 
publieations*5:9, and 16 will suffice here to note the 
mam pomts whereby this model differs from the 
classical concept of a membrane-mediated dis- 
crimnation The three phases postulated are the 
extracellular phase, the fiee intracellular phase and 
the ordered phase lt ıs assumed that those ions 
which are accumulated by the cell are adsorbed by 
the ultra-structure of the ordered phase, which is 
envisaged as a highly ordered macromolecular gel 
extending throughout the greater part of the cell 


Other 10ns of the external medium will be excluded 
fiom this region of the cell and will be confined to 
the free intracellular phase This exclusion of certain 
1ons from the greater part of the cell will result in 
an apparent concentration giadient for these ions 
across the cell membrane It has been a prime thesis 
that these ‘free intracellular phase’ 10ns should be m 
a diffusion equilibrium with the external environ- 
ment, that is, the mamtenance of the apparent 
concentration gradient across the cell membrane 
results from then partial o: complete exclusion from 
the ordered phase, rather than from the active 
extrusion of the 10ns by a pump mechanism It 1s 
clear that such a system obviates the necessity for 
the continuous feedmg im of metaboheally derived 
energy in order to maintam the cell m the resting 
condition 


Evidence for the Three-phase Theory 


We have studied the partition of a large number of 
ions across the membrane, and find that they may 
be roughly divided into two groups those which 
are accumulated m the ordered phase, and those 
which are at least paitially excluded from ıt The 
accumulated ions are potassium, magnesium, ealerum 
and morgane phosphate Rubidium and cesrum 
may to some extent substitute for potassium Sodrum 
and chloride are considered to be largely excluded 
Lithium has been found to behave similarly to 
sodium , and bromide, 10dide and sulphate 10ns may 
be regarded as chloride substitutes 

The distmbution of these ions has been studied 
both at the steady state and with kinetie methods 
The results obtamed at the steady state have enabled 
an estimate to be made of the amount of muscle 
water available m the 10n m question, and have also 
shown the effect of the 10n on the normal 10nie con- 
stituents of the cell The kmetic experiments have 
enabled us to estimate the rate of movement of the 
ions into and out of the cell and to determme the 
effect of changes m environment on these rates‘,19 

The information obtamed at the steady state 
indieates that, as a first approximation, the same 
amount of muscle water is available to chloride, 
iodide, bromide and sulphate i0n^!' The value 
found for the lithium space 18 less than for sodium 
after soaking for 4 hr , and resembles the anion space 
It was found, however‘, that the lithium space tended 
to increase with increased time of soaking in the 
lithium Ranger solution, until at 18 hr ıb equalled 
and occasionally exceeded the sodium space This 
was cited as provisional evidence for the binding of 
part of the cellular sodium Some type of competition 
between sodium and lithium for the bindmg site was 
envisaged 

We have shown previously? that when a muscle 15 
equilibrated ın normal Ringer solution and then 
transferred to a solution m which half the sodium 
chloride 1s replaced with sucrose, there 1s a net move- 
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ment of sodium chloiide out of the cell agamst the 
concentration gradient This net movement of 
sodium chloride is not accompanied by any move- 
ment of potassium, nor 1s ıt dependent upon the 
presence of potassium in the external medium These 
expeimments were repeated with Ringer solution in 
which all the chloride was substituted with 10dide or 
bromide, and an analogous outward movement of 
these ions was demonstrated When, however, this 
experiment was repeated with lithium, we were 
unable to show a significant decrease m 1ntracellulai 
lithium when the muscles were transferred to a lower 
level of external lithium This and kmetic evidence 
(Fig 1) led us to believe that lithium 1s bound m the 
cell ın à similar fashion, but to a greater extent, than 
sodium The failure of lithium to leave the cell m 
this experiment would then result fiom the shape of 
the adsorption isotherm 

It 1s considered that this adsorption takes place m 
the free intracellular phase‘, and we must therefore 
revise oui original postulate that 10ns m this phase 
are m a diffusion equilibrram with the external 
medium ‘This would appear to be tiue for the anions 
we have studied, but 16 would seem that there 1s 
some cation-binding m this phase 

The discussion has so far been restricted to the 
partition of ‘excluded’ 10ns between. the cell and the 
external medium If ıb 1s assumed that 1ons which 
are accumulated m the ordered phase are m such a 
condition that the adsorption sites approach satua- 
tion, then increases in the external level of the ion 
in question should result only m mereases in the 
level of the free phase of the ion Consequently, the 
ratio of external level to increase m internal level 
should approximate the 1atio out/m for an excluded 
ion 16 may be seen from Table 1 that such an 
approximation does hold true 


Table 1 COMPARISON OF THE RATIO OF EXTERNAL CONCENTRATION 
TO INTERNAL CONCENTRATION FOR VARIOUS IONS 


Excluded Tons Accumulated Tons 
Ration out/inerease 


Ratio out/in 1n internal level 
Sodium 45 Calcium 23 
Lithum 67 Magnesium 67 
Chloride 54 Phosphate 36 
Iodide 74 
Sulphate 71 


Each figure 18 the mean of 12-40 observations The muscles used 
were the sartorius muscle of the toad Bufo mannus, which were 
immersed in the appropriate solution for 4 hi 


Definition of Phases 


The extracellular phase has been defined as that 
amount of the muscle water which 1s available for 
the free diffusion of mulm or albumin labelled with 
10dide-131 (ref 11), and is presumed to coimeide 
morphologically with the 1egion outside the cell 
membrane 

The free mtracelhuar phase has been defined as an 
mtracellular region intermediate m order between 
the extiacellular phase and the ordered phase It 
may be regarded as an intiacellular extension of the 
external phase, but we have never envisaged it as 
merely an annular region beneath the cell mem- 
brane? It would seem probable that we can identify 
this phase with the sarcoplasmic reticulum’ This 
complex tridimensional lattice 18 a membrane system 
separating two distinct intracellular phases, which 1s 
continuous both with the plasma membrane and the 
peri-nuclear cysterne The electron microscope has 
revealed no fine structure withm the tubules of the 
reticulum, but the lmitmg membrane seems to be 
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Fig 1 EMux of various ions from muscle All muscles were 
loaded 1n the appropiate solutions for 18 hr , then effiuxed into 
Ringer solution The amount of the 10n remaining in the musele 
has been plotted as a percentage of that ouginally present 
Lithium and rubidium were estimated photometrically The 
effiuxes of sodium, sulphate and 1odide were followed with isotopes 


sunar in thickness to the plasma membrane This 
phase appears to have a lower concentration of 
protem than the surroundmg cytoplasm?, and it is 
hkely that this region 18 more randomized than the 
matrix 

The ordered phase is defined as that part of the 
cell which by vntue of xs ordered maeromolecular 
structure is able either to accumulate or exclude the 
tons of the external environment This region 1s 
likely to be morphologically heterogeneous, and will 
melude the contractile mechanism, mitochondria, 
nuclei, ete 


Intracellular Active Transport 


Fiom the pomt of view of the three-phase theory, 
1t might be supposed that the limiting membrane of 
the saicoplasmie reticulum could actively transport 
ions m the same way as has been postulated for the 
plasma membrane Thus this membrane, which is 
presumed to be located at the boundary of the free 
and ordered phases, could constitute not only an 
inner barrier to diffusion but could also play a part 
m ionic discrimination Jt has been suggested, in 
fact!*, that parts of the plasma membrane may 
migrate mto the cell to participate m the formation 
of the endoplasmic reticulum, and the reticular 
membrane could therefore be expected to have 
permeability properties similar to those of the plasma 
membrane It has been calculated that the surface 
1atio of plasma membrane to reticular membrane m 
muscle fibres 1s at least four times gieater foi the 
reticular membiane? One must therefore suppose it 
to be highly impermeable to the 10ns bathing erther 
face, or the work of active transpoit necessary to 
separate the 1ons would be enormous 

The most serious ciiticism that can be levelled at 
the active transport theory must remam that ıb 
places great demands on the energy-produemg 
systems of the cell If ıb could be shown that the 
energy required to transport the various 1ons exceeded 
that obtamable from restmg metabohsm, then this 
would constitute a definite refutation There have 
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been numerous attempts to compute the energy 
requirements of the sodium pump, and almost as 
many different estimates have been obtamed** 

To date, no author has succeeded in comparmg 
with sufficient accuracy the rate of movement of the 
transported ion with the amount of substrate con- 
sumed at the same time’ A further difficulty 
resides in the fact that one may question the validity 
of the computations which have led to estimates of 
the rate of movement of the ions across the cell 
membranes 


Analysis of Kinetic Data 


It has generally been assumed that the membrane 
constitutes the prmecipal rate-limiting step to the 
efflux of labelled 10ns from the cell, and that move- 
ment through the cytoplasm may be regarded as fast 
compared with movement across the membrane 
Thus the system ıs considered to be effectively 
stirred, and one would expect to obtam an efflux 
curve which could be divided into an mtra- and 
extra-cellular portion on the basis of a double 
exponential loss The postulate of a uniform mtra- 
cellular 10nie distribution would appear to be un- 
justified m most cells, and Wilde!* has called for a 
more realistic approach Shanes!” has mentioned the 
possibilty of sequestermg of ions in the organelles, 
and Harris" has attempted to analyse his kinetic data 
as a function of diffusion through a cylmder with a 
resistive coating One still, however, finds the belief?® 
that the trans-membrane step can be expressed as a 
single exponential function 

Experiments which have been carried out m this 
laboratory have shown that the movement of various 
ions out of the cell may yield efflux curves of widely 
differing form (Fig 1) It would seem unlikely that 
these vastly differmg curves could arise from a 
similar mechanism of transport across the membrane 
It may be noted that hthium and rubidium show 
similarly shaped effluxes Since hthrum 1s considered 
an ‘excluded’ ion, and rubidium 18 an ‘aceumulated’ 
10n, the effluxes cannot be divided into two groups, 
on the basis of whether them exit or entry is the 
active or energy-requirmg movement 

In all these effluxes we have been concerned with 
estimating that proportion of the efflux which is due 
to extracellular materal, and what may be con- 
sidered to be unequivocally mtiacellular The only 
curves m Fig 1 which approximate to the double 
exponential loss expected from the membiane theory 
are the lithium and rubidium effluxes — Since these 
ions ean be followed m thew movement out of the 
cell photometrically, ıt was possible to estimate the 
extracellular space with albumm labelled with 
10dide-131 m the same muscle? The amount of 
lithium or rubidium m the fast fraction of the efflux 
was determmed by the stiaight-lme extrapolation of 
the slow fraction back to the concentration axis, and 
the subtraction of this quantity from the total The 
‘apparent’ extracellular space for the 10n was cal- 
culated by dividmg this quantity by the external 
concentration of the 10n, and this space was compared 
with the albumin space m the same muscle The 
extracellular space calculated from the efflux curve 
exceeded im every mstance the albumin space The 
fast fraction of the hthrum efflux gave an apparent 
extracellular spaco which was approximately 50 per 
cent greater than the albumm space, but there was 
no correlation between the two quantities The 
amount of rubidium m tho fast fraction of the efflux 
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was also too great to be considered purely extra- 
cellular The apparent extracellular space for 
rubidium calculated from the efflux observations 
could be lmearly related to the total rubidium-level 
of the muscle, and the correlation was significant at 
the 0 1 per cent level. 

From information such as this, 16 has been pos- 
tulated that there is a fast- and a slow-moving 
intracellular fraction of these 10ns, and consequently 
the mam rate-lumiting step cannot be considered to 
be operative at the membrane In the case of 
rubidium, ıt would seem likely that there ıs an 
equilibrrum between the amount of materal m the 
two miracellular fractions 

The efflux curves obtained with 10dide and sulphate 
ions differ from the rubidium and lithium curves m 
that there is no well-defined rate-limitmg step, and 
the efflux must be considered to be governed by 
diffusion rather than a membrane The amount of 
mtracellular material ın these effluxes was determined 
by following the loss of the tracer from the muscle 
until the amount remammg approached background, 
and then transferrmg the tissue to albumin labelled 
with 10dide-131 It was found m each instance that 
approximately one-third of the activity lost from the 
muscle as morganic i0dide-131 or sulphate-35 was 
mtracellular m origin Inspection of Fig 1 will show 
that the movement of these 10ns across the membrane 
must consequently be very fast Harris?" has also 
noted that chloride crosses the membrane with great 
facility 

The efflux of sodium from the cell can be described 
as bemg composed of three major exponential terms 
Tt would appear essential that the efflux be followed 
for long enough for these terms to be fully revealed 
It will be obvious from Fig 1 that effluxes which aro 
termmated after 40-120 mm may be described as 
the sum of two exponentials, which cannot be related 
with hkelihood of success to any cellular com- 
partment Further, failure to take mto account the 
later fraction will alter the rate constants of the 
early components 

An attempt was made to establish which (if any) 
of the three exponential terms of the sodium efflux 
could be equated with extracellular material This 
was done by comparmg the amount of material m 
the various components with the extracellular space 
as determined. with mulm 3n the compamon muscle? 
It would seem that, as a first approximation, the 
fastest of the three terms could be due to extra- 
cellularly derived material Thus, amphibian muscle 
must be considered to contam a fast- and a slow- 
moving mtracellular fraction of sodium, as well as of 
rubidium and hthium 

It follows from this discussion that (a) movement 
of 10ns across the membrane appears to be more rapid 
than was previously thought likely, (b) since the 
principal rate-lunitmg step i8 not operative at the 
membrane there may be considerable difficulty m 
determming the time constant of the energy-requirmg 
step Thus on our present information attempts to 
equate the energy-requirements of active transport 
with the resting metabolism would seem to be 
hazardous 
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Kinetic Evidence for Intracellular Compartments 


In any discussion of the structural orgamzation of 
the living cell, one must bear m mund the extreme 
lability of the system bemg studied It ıs well 
recognized that all histological procedures will give a 
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static picture of a dynamue situation, even allowmg 
for the mmumum amount of distortion m the pre- 
parative procedures It is perhaps not so obvious 
that kinetic studies may be equally misleadmg It 1s 
a simple matter to obtain the rate constants of the 
various components for any efflux curve which may 
reasonably be described as the sum of two or three 
exponentials One becomes less confident when 
attempting to identify the amounts of material m 
any component with the morphological compart- 
ments of the cell As was mentioned above, this type 
of analysis assumes that the material in the various 
compartments is effectively stirred, or that move- 
ment through the compartment 1s fast compared 
with the rate of transfer across the hmitmg membrane 

Berman and Schoenfeld?! have discussed the 
validity of the ‘compartmental approach’, and stress 
that a compartment must be considered an average 
iather than an exact state Any experimental system 
must be considered as a closed box , we do not know 
what is in the box, but ıt must preserve a certam 
input-output relation for the type of expermment 
performed If this relation 1s such that ıt ean be 
analysed mathematically as the sum of n distinct 
compartments, then ib can be defined as such, but 
this definition need not correspond to the true con- 
figuration of the system 

Thus, with available techniques, much of our dis- 
cussion of the localization of intracellular functions 
must be speculative Information derived from 
innetic studies alone will not suffice for us to decide 
whether intracellular sodium 1s indeed located m the 
sarcoplasmic reticulum 


Physico-Chemical Considerations 


The postulate of a three-compartment system for 
muscle has been based on evidence derived from a 
study of the distribution of a number of morganic 
ions between the external medium and the cell. No 
attempt has been made to deseribe the mechanism 
whereby the ordered phase can accumulate or exclude 
the various 1ome species It ıs possible that our 
knowledge of complex ion-protem systems 3s still 
too tentative to permit of an understandmg of the 
process of ionic diserrmmation There are, however, 
certam physico-chemical considerations which must 
apply at the cellular level, whether we are concerned 
with the membrane-based discrummation or a cyto- 
plasmic discrommation 

Ling?? has made an attempt to relate 10me differ- 
entiation to fundamental concepts, and has been 
ciiticized because his theories appear mcomplete 
Conway!? has referred to the theoretical fallacy m 
Ling’s central idea, which in his opinion hes m Ling’s 
assumption that the hydrated potassrum, because of 
its smaller size, can enter farther than the hydrated 
sodium mto a zone of reduced dielectric constant 
around the fixed amome site It would appear that 
both these authors have used an over-simplified 
approach to the problem of cation — maciomolecular 
mteractions, and m particular i$ should be pomted 
out that the degree of hydration of a cation varies 
with the dielectric constant of the medium The 
fixation of cations on the ionized groups of water- 
soluble macromolecules has been discussed m a com- 
prehensive treatise by Bungenberg de Jong?! ‘The 
relative affinity of any cation and the fixed anionic 
site must depend upon the valency, radius and 
polarizing power of the cation, and on the polariz- 
ability of the negatively charged group of the colloid 
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Since the phenomenon of cation fixation occurs in an 
aqueous medium, the polarizability of the water 
itself must play a part Whether the polarizability of 
the fixed group 1s more or less than water 1s of great 
importance in determmmg the affinity of the cation 
fo. the site The characteristically opposite behaviour 
of phosphate and sulphate colloids in cation fixation 
can be explained from the different polarizabilities of 
the ionized groups, phosphate bemg more strongly 
polarizable and sulphate less polarizable than water 
This will result m an affinity order for cation fixation 
by sulphate colloids of potassium > sodium > 
lithiam, whereas in phosphate colloids this order 
will be reversed lithium > sodium > potassmm 

In this respect 1t is of interest to note that 
Karschner** has demonstrated sodium-binding by 
phospholipides from pig erythrocytes 

At least one of the compheatmg factors m trans- 
ferrmg this type of colloid chemustry to lvng 
systems would be that the polarizability of the fixed 
anionic groups would be altered by adjacent polar 
groups in the macromolecule, which could be expected 
to undergo change at different times in the metabole 
cycle 

Ultra-structure studies have indicated the presence 
in the cell of an ordered array of macromolecules?’ 
It would seem that & necessary concomitant of such 
a definite molecular pattern must be that the cell 
contains a differential distribution of morgane ions 

In considermg the nature of tho interaction between 
sodium and potassium and the binding site, whether 
the site be considered cytoplasmic or a membrane 
carrier, most authors have considered the hydrated 
radius to be the operative dimension®,427 An 
exception is provided by Solomon?*, who was able 
to relate his results for the movement of monovalent 
cations mto the 1ed blood cell bette: with the naked 
than with the hydrated radius 

However, the degree of hydration of the cation is 
merely a reflexion of 15s polarizing characteristics If 
the 10n finds itself m the viemity of a group which 
is considerably more polarizable than water, for 
example, the phosphate group of lecithin, 16 will shed 
its water of hydration because a much larger polar- 
ization energy is set free on the attachment of the 
anhydrous 10n to the phosphate group From con- 
siderations such as these, Bungenberg de Jong? has 
suggested that all variants of the type colloid amon -+ 
mucro-cation involve this very close approach between 
the charged groups However, these direct contacts 
are not to be thought of as static, and therefore 
permanent They will be dynamic and of short 
duration, so that over a period of time the contact 
wil be broken, and fresh contacts made 

It ıs clear from this discussion that even in the 
absence of the biological turnover of a binding site 
due to metabohe breakdown and re-synthesis, one 
could expect a considerable exchange between (say) 
bound potassium and potassrum-42 added to the 
external environment 


Complex Coacervation in Biological Systems 


A phase separation may occur when. two oppositely 
charged polymers are mixed together The resulting 
system has been termed a coacervate, from the Latin 
acervus, a heap The two-phase system will consist 
of one phase which contams the greater amount of 
the two polymers, and another which contams a 
small amount of one or both of the polymers, and a 
large amount of the dispersion medium If the 
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system also contains an appreciable amount of mucro- 
10ns, these will be distributed between the two 
phases in a manner characteristic for the system 
under consideration 

Overbeek and Voorn?* have emphasized the ım- 
portance of this type of concept m our approach to 
the physical chemistry of cytoplasm, and Troshin*®* 
has based his theory of ionic diserrmmation on this 
type of consideration The coacervates as described 
by the Dutch workers behave as regaids them vis- 
cosity like Newtonian liquids Thus, the association 
of macromolecules in the coacervate may be regarded 
as dynamic, there bemg both mtra- and mter- 
molecular pomts of contact of the statistically 
kmked macromolecules 

One should differentiate sharply between the type 
of coacervate obtamed by the association of a lmea:i 
polymer, and the colloidaich phase which may be 
obtained with corpuscular protems When this latter 
type of protem ıs obtamed m the low-dispersed form, 
one usually obtamed colloid crystals, 1athe: than 
liquid coacervates The colloid crystals will owe 
ther stability to the presence of lateral bonds 
between groups of contiguous folds of the macro- 
molecule, or between sub-units, which will counteract 
the tendency of the macromolecule to form the most 
probable shape, that of the statistically kmked 
macromolecule 

Such a deseription would seem to fit m very well 
with the physical chemistry of such high molecular 
weight compounds as the deoxyribonucleic acids?! 
It may be suggested that the ordered phase (or at 
least the organelles) conforms to this type of macro- 
molecular pattern more than to the random liquid 
system of complex coacervation 

The ability of the ordered phase to exclude an 1on 
by some mechanism other than membrane imperme- 
ability may be questioned It would seem improbable 
that cytoplasm, which consists of 80 per cent water, 
would contain a sufficiently large amount of water m 
the ‘bound’ state to explam the exclusion of sodium 
If, however, the cell 1s considered as a system of 
modified complex coacervates, then the partition of 
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salts between the two partially mmuscible phases 
would be entnely different from that obtammg m 
the test-tube The ordered phase, therefore, will be 
a colloid-rich phase m which there is a high degree 
of molecular orientation and structural differentiation 
The free mtiacellular phase, which we tentatively 
identify with the sarcoplasmic reticulum, wall con- 
form more to the labile, short-term pattern which 1s 
typical of coacervates 
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SCIENTISTS AND ENGINEERS IN BRITAIN’ 


HE second report on scientific and engineermg 

man-power from the Committee on Scientific 
Man-power of the Advisory Counei on Scientific 
Poley compares the situation in Great Britam im 
1959 with that m 1956 and estimates the develop- 
ments likely by 1962 Like the first report, i6 18 
based on mformation collected by the Mimstry of 
Labour and National Service, this time in the first 
three months of 1959, covermg private mdustry, the 
nationalized industries and public corporations, 
central and local government (excluding education 
and the Armed Forces) and education, but agriculture 
is again excluded as well as self-employed persons, 
persons employed by firms of consultants, and 
scientists and engineers working outside Great 
Britain The mquny is slightly more comprehensive 
than that m 1956, which excluded firms employing 
less than 100 workers, for 1t covers, besides all estab- 
lishments employing 500 workers or more, a sample of 
those with 11-499 workers (31—499 workers in the 


* Scientific and Engineering Manpower in Great Britain 1959 
Pp vi+48 (Omnd 902 )(London H M Stationery Office, 1959 )3s net 


building and contracting industry) It ıs estimated 
that the employments covered account for nearly 
90 per cent of all qualified scientists and engmeers m 
Great Britam As in the previous report, these terms 
are apphed to persons with one of the followmg 
qualifications a university degree in science oi 
engineering , the diploma ın technology , an associ- 
ateship of one of the higher educational institutions , 
graduate or corporate membership of one of the 
professional institutions Technologists with specialist 
qualifications in branches of applied science such as 
textiles, 1ubber and plastics are agam excluded, 
unless they qualify as defined above 

Fo: early 1959 the report gives the total of qualified 
scientists as 63,200 and of engineers as 89,200, 
43,600 of the grand total possessed the higher 
national eeitificate or diploma of technology only 
Of the scientists, 21,200 are employed in manufac- 
turmg industry, 1,000 ın industrial research associa- 
tions, 3,200 m nationalized mmdustai1es, 6,400 in central 
government and 28,700 in education, 2,000 are 
employed in other manufacturmg mdustry and 400 
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others m teaching For engineers the corresponding 
figures are 42,400, 600, 17,000, 8,500, 3,300, 
4,900, and 1,300, 4,100 quahfied engineers are 
employed in the buildmg and contractmg mdustry 
and 6,600 by local authorities. It ıs estimated that 
5,000 scientists and 9,600 engmeers are in employ- 
ment not covered by the imqury, and 4,000 and 
2,000 respectively ın postgraduate research. The 
grand total of 173,000 represents an merease of 
19 3 per cent over the 1956 figures and an increase 
from 6 to 7 m the number of scientists and engmeers 
per thousand of the working population, apart from 
the 43,000 possessmg no higher qualification than a 
higher national diploma or certificate 

Of this increase, 62 per cent has gone into private 
manufacturing industry, 18 per cent to nationalized 
industry, 17 per cent to education, and 8 per cent to 
central and local government, more than half the 
merease in the nationalized industries and public 
corporations being attributable to the Atomic Energy 
Authority, where the increase was 71 per cent (2,470 
to 4,220), and a further increase of 42 per cent by 
1962 is anticipated Taking scientists and engineers 
separately, manufacturing industry has gamed 53 per 
cent of the scientists and 69 per cent of the engmeers , 
for nationahzed industry the figures are 8 per cent 
and 16 per cent, respectively , for central and local 
government, 6 per cent and 3 per cent; and for 
education, 32 per cent and 6 per cent, respectively 
The actual mcrease of 19 7 per cent or 23,600 com- 
pares with the employers’ forecast of 32,500 or 
27 2 per cent, for manufacturing industry the actual 
increase was 30 2 per cent , for research associations, 
10 per cent, for nationalized mdustry. 18 4 per cent, 
for central government, 7 5 per cent, local govern- 
ment, 38 per cent, and education, l4 per 
cent 

Nearly 70 per cent of the net gain for manufac- 
turing industry in scientists and engineers 18 concen- 
trated in electrical engmeermg, chemicals and allied 
trades, other plant and machinery and aircraft As 
regards private manufacturmg mdustry as a whole, the 
proportion of qualified scientists and engmeers to the 
total number of persons employed rose from 8 to 
11 per thousand In most industries the percentage 
engaged on research and development showed little 
change compared with 1956 In the shipbuilding, 
ship-repairmg and marme engineering gioup ıb 
increased from 9 to 20 per cent, and in the railway 
equipment industry from 5 to 23 per cent, but m 
the aircraft mdustry there was a substantial increase 
m the proportion of scientists and engineers engaged 
on work other than research and development In 
manufacturing industry as a whole, 41 2 per cent of 
scientists and engmeers were engaged on research 
and development compared with 44 5 per cent m 
1956 , im electromes the figure was 66 per cent, for 
precision instruments, 60 per cent, for arreraft, 
54 per cent, for heavy electrical engineering, 53 per 
cent, and man-made fibres, 51 per cent Establsh- 
ments with staffs of 500 or more employed 69 per 
cent of the scientists and engineers in this sector, but 
only 46 per cent of all persons engaged m manufac- 
turing industry, for scientists the figure 1s 64 per 
cent, and for engmeers 71 per cent, and 68 per cent 
of these scientists and 80 per cent of the engmeers 
were engaged on research and development For 
establishments employmg more than 100 workers a 
proportionately smaller mcrease in the number of 
engineers and scientists employed was expected 
durmg the next three years compared with 1956-59 
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The industrial research associations which m 1956 
employed nearly 1,400 scientists and engineers hope 
to employ 1,800 by 1962—an increase of 17 per cent 
m the next three years, whereas the nationalized 
mdustries hope to employ 24,900, an merease of 
20 per cent on the 20,700 employed m 1959, and of 
18 per cent on 1956 For the Gas Council and the 
Area Gas Boards, the merease was 17 per cent, for 
the National Coal Board, 15 per cent, and for the 
Electricity Authorities, 2 5 per cent; but the latter 
employed an appreciably higher proportion of qualı- 
fied scientists and engmeers (30 per thousand) than 
the average for manufacturmg industry or for the 
other public corporations except the Atomic Energy 
Authority (123 per thousand) Whereas for all other 
public corporations only 8 per cent of scientists and 
engmeers on average were employed on research and 
development, for the Atomic Energy Authority the 
figure was 63 per cent, and for the Awways Cor- 
poration 33 per cent By 1962 the Electricity 
Authorities look for a further increase of 35 per cent in 
the number of scientists and engmeers, and the British 
Transport Commission for a 29 per cent mcrease 

Whereas m 1956 the departments of central 
government expected to merease ther total of 
scientists and engmeers from 13,800 to 15,800 by 
1959, the increase was only 7 5 per cent, mamly 
because the expected 11 per cent merease in the 
defence departments did not occur, the number 
employed remaimmg at 7,600 It ıs estimated that 
about 20,000 scientists and engineers, 1ncluding those 
serving in the Armed Forces, were employed on 
defence work at the begmnmg of 1959, about half of 
whom were engaged on research and development, 
and accounting for about 25 per cent of all scientists 
and engmeers engaged on research and development 
in industry and government research establishments 
compared with 40 per cent three years ago The fall 
1n the proportion 1n the aircraft industry engaged on 
research and the smaliness of the crease m qualfied 
personnel in the electrical engmeermg industry may 
be due to cuts m defence contracts 

The crvil departments employ nearly 4,600 
scientists and engineers, or about 30 per cent of the 
total employed by the central government An 
increase from 2,350 to 2,700 ın the number employed 
by the research councils between 1956 and 1959 
reflects principally the planned expansion in the 
Department of Scientific and Industrial Research 
under the five-year plan mitiated mm 1954, and the 
12 per cent merease forecast by the civil departments 
by 1963 includes a 16 per cent inerease for the 
research departments, covering provision for the 
second five-year plan for the Department of Scientific 
and Industrial Research, which calls for a 6 per cent 
a year increase in its professionally qualified staff 
In the same period, the defence departments anticipate 
a 1eduction m the total number of scientists and engin- 
eers to 7,450 as the net result of a 6 per cent increase 
m scientists and a 6 per cent decrease im engineers 

Of the 6,700 scentists and engineers employed by 
local authorities m 1956, about 80 per cent were civil 
and structural engineers In 1959 the total was more 
than 6,950, but 1,150 ummediate vacancies are 
reported and an merease of 25 per cent 1s hoped for 
by 1962 The imerease among civil and structural 
engineers in 1950 was 11 per cent, but the number 
of mechanical engineers fell from 660 to 370 

The current scientific man-power position in edu- 
cation 1s discussed elsewhere (see p 1971 of this issue), 
and apart from noting that some universities consider 
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that ther competitive position has improved in the 
past two years, 1t should suffice here to refer to the 
forecasts of requirements for teachers from 1959 
until 1962 given m the report For the univeisities 
an increase of 1,275, or 30 per cent, to 5,450 18 fore- 
cast, for technical and teacher traimng colleges the 
corresponding figures are 1,620 (24 per cent) and 
8,480, and for the schools 3,675 (16 pex cent) and 
26,290 The forecast of requirements for university 
teachers by 1962 assumes that two-thirds of the 
mereased numbers of students reaching the univei- 
sities by 1962 will read pure science or technology 
It 1s also expected that by 1962 about 5,000 scientists 
and 2,500 engmeers will be engaged on postgraduate 
work m the universities, compared with 4,000 and 
2,000, respectively, in 1959 

The net increase in the forecast of requirements for 
technical colleges, teacher traimmg colleges and 
schools includes about 1,000 current vacancies, nearly 
half of which are m Scotland, and 1t 1s admitted. that 
the figure for England and Wales greatly under- 
estimates the number of additional teachers needed 
to restore 1953 staffing standards To 1educe the size 
of swollen classes might require a further 4,000-5,000 
science teachers 

The figures for various categories of scientists 
employed in 1959 (with the percentage increase on 
1956 im brackets) axe as follow 6,400 biologists 
(25 5), 24,300 chemists (16 3), 800 geologists (— 11 1), 
13,000 mathematicians (12 1), 13,600 physicists 
(28 3) and 2,700 other scientists (28 6) For engineers 
the figures are metallurgists, 3,600 (12 5) , chemical 
engineers, 1,900 (26 7) , civil engineers, 13,700 (7 0) , 
electrical engineers, 20,000 (12 4) , mming engineers, 
4,600 (211), mechanical engmeers, 34,000 (25 9), 
engineers in teaching, 3,800 (37 5) The followmg 
figures give the forecast of additional numbers 
required by 1962 (percentage increase on 1959 in 
brackets) biologists, 1,200 (17 6), chemusts, 5,400 
(20 5), geologists, 200 (28 0), mathematicians, 
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2,700 (19 6), physicists, 3,300 (20 2), other scientists, 
200 (16 7), metallurgists, 1,300 (35 1), chemical 
engmeers, 700 (35 0), cıvıl and structural engineers, 
3,300 (22 9), electrical engineers, 6,000 (27 9), 
mining engineers, 200 (4 3), mechanical and other 
engineers, 8,700 (23 8), engmeers in teaching, 1,200 
(26 1) The figures take no account of the demands 
abroad for scientists and engineers tramed in Great 
Britam 

For 1962 a grand total of 87,100 scientusts and 
124,600 engineers 18 forecast by the nqmry, of whom 
76,200 scientists and 110,800 engineers are required 
in fields covered by the mquiry and 5,000 scientists 
and 2,500 engineers 1n postgraduate research More- 
over, ib is assumed that 6,000 scientists and 8,400 
engmeers will be needed to replace wastage from 
death, retirement, ete Agamst this, an output of 
51,650 scientists and engineers is forecast for the 
period 1959-62, of whom only about 47,500 will be 
available for employment m Great Britam compared 
with anticipated requirements of 53,100 About 
60 per cent of the total will be university graduates 
(28,800), holders of the diploma m technology (900) 
or associates of one of Scotland’s central institutions 
(750), the remaming 21,200 will be admitted to 
professional institutions on the evidence of other 
qualifications By 1962 the annual output is expected 
to reach about 19,000 compared with 15,000 im 1958, 
and of the net 47,500 available for employment in 
Britain, 19,200 will be scientists and 28,300 engineeis 
Of the 5,674 scientists qualifying for the first time m 
1958, 494 did so in biological sciences, 1,296 ın 
chemistry, 167 in geology, 496 m mathematics, 755 
in physics, 599 in general science, and 1,357 by pass 
degrees Of the 9,326 engineers, 333 qualified m 
aeronautical 325 m chemical, 1,047 m civil and 
structural, 1,658 m electrical, 734 m marme, 2,748 n 
mechanical, 504 m mming and metallurgy, 482 m 
production, 225 in municipal, 146 in naval archi- 
tecture, and 1,087 m general engmeermg, etc 
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NEWS and VIEWS 


Australian Commonwealth Scientific and Industrial 
Research Organization. Executive 


THE appomtment has been announced of two new 
members to the Executive of the Australian Common- 
wealth Scientific and Industrial Research Organiza- 
tion This follows the passing last month of an 
amendment to the Science and Industiy Research 
Act, enlargmg the Organization’s Executive The 
new full-time members will be Mr C S Chuistian, 
chief of the Organization’s Division of Land Research 
and Regional Survey, and Prof L G H Huxley, 
Elder professor of physics im the University of 
Adelaide 


Mr C S Christian 


Mr CHRISTIAN has been associated with the Com- 
monwealth Scientific and Industrial Research Organ- 
ization ever since his graduation from Gatton College 
and the University of Queensland In 1931 he studied 
genetics at the University of Mmnesota, and in 1933 
he held an appointment under Sn Ronald Fisher at 
Rothamsted Expermmental Station On his return to 
Australia, he undertook wheat and plant breeding re- 


search with the Commonwealth Scientific and Industrial 
Research Organization m Canbema and m Queens- 
land In 1946, following a 1equest from the North 
Australan Development Committee, Mr Christian 
oiganized the North Australa Regional Survey, 
which has since become the Commonwealth Scientific 
and Industrial Research Organization’s Division of 
Land Research and Regional Survey In 1955, Mr 
Christian was mvited by Unesco to advise m Syve 
on the establishment of a resources survey unit, and 
similarly ın 1958 he went to India to plan a Central 
Arid Zone Research Unt He ıs the Austrahan 
delegate to the International Rice Commission and 
president of Section K (Agriculture) of the Australian 
and New Zealand Association for the Advancement of 
Science He has been president of the Queensland 
and ACT branches of the Australian Institute of 
Agricultural Science 


Prof L G H. Huxley 


Pror Huxiey was educated at Hutchins School m 
Hobart, and at the University of Tasmania) He was 
the Tasmanian Rhodes Scholar m 1923, and went to 
New College, Oxford, m 1925, to read honowms 
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physics He was awarded his doctorate im 1928, 
and retuned to Australa in 1929, to cary out 
1esearch for the Radio Research Board, under Sir 
John Madsen He returned to England m 1931 
and became m succession lecturer im physics at 
Nottingham, Leicester and Birmmgham During the 
War he was m charge of a radar school under the 
Mmmistiy of Ancraft Production Prof Huxley 
returned to Australia ten years ago to take the chair of 
physics at the University of Adelaide He ıs a 
member of the Councils of the Australian National 
University and the University of Adelaide He has 
been associated with the Commonwealth Scientific 
and Industrial Research Organization through his 
chairmanship of the National Standards Commission 
and the Radio Research Board He was a Foundation 
Fellow of the Australian Academy of Science, and is 
now the Academy’s secretary (physical sciences) 
He 1s keenly interested m educational matters, bemg 
charman of his University’s Education Committee, 
and patron of the Science Teachers Association of 
South Australia 
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Mr.G B Gresford 


Two changes are also announced m the top admimis- 
tiation of the Commonwealth Scientific and Industral 
Research Organization Mr Guy B Gresford has been 
appomted secretary and Mr Walte: Ives, executive 
officer Mr  Gresford was educated at Trmity 
College, University of Melbourne He jomed the 
Oiganization m 1942 Durmg the period 1943-46 
he was in England on the staff of the Australian 
Scientific Liaison Office m London He became 
assistant secretary of the Commonwealth Scientific 
and Industrial Reseaich Organization in 1946 and 
research secretary (physical sciences) m 1952 In 
1957, Mr Giesford went to the United States on a 
Commonwealth Fund Fellowship, studymg at the 
Harvaid School of Public Administration and at the 
National Science Foundation m Washington 


Mr. W. Ives 


Mz Ives giaduated m economies at the University 
of Sydney Durmg the War he was with the Depart- 
ment of War Organization of Industry, and transferred 
later to the Department of Postwar Reconstruction 
He joined the Commonwealth Scientific and Industrial 
Research Organization m 1946 as technical secretary 
of the Division of Plant Industry He became 
assistant secretary of the Organization m 1950 and 
research secretary (biological sciences) in 1952 
Durmg 1954-56 he was chief scientific liaison office: 
at the Austzahan Serentific Liaison Office m London 


British Antarctic Party 


Tue thud party of scientists and technicians of the 
Falkland Islands Dependencies Survey left Southamp- 
ton on December 18 for the Antarctic aboard the 
Damsh polar-exploration vessel, M V Kaista Dan 
Sir Vivian Fuchs, director of the Survey, flies from 
London on January 4 and joms the Kista Dan at 
Montevideo, where the vessel will take aboard two 
ancraft These will be assembled at the ice edge to 
help ın re-opening the Survey’s southernmost base on 
Stonington Island (closed ın March this year because 
of difficult ico conditions) Sir Vivien will take 
personal charge of this and alhed operations and 
expects to be m the Antarctic for the rest of the 
summer season The airciaft that will be used by 
the Falkland Islands Dependencies Survey will also 
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support Biitish exploration teams tiavelling south of 
Marguerite Bay They will be operated by a Royal 
An Force team of five The Falkland Islands 
Dependencies Survey has mamtamed bases on the 
coast of Graham Land and nearby islands for fifteen 
years At the bases, between 80 and 90 scientists and 
technicians spend periods of up to two years cam ying 
out a iegular programme of surveys, research and 
meteorological work In January this year the 
Survey took over the base at Halley Bay (Coats 
Land) set up by the Royal Society expedition of 
1955 as part of Britam’s contribution to the Inter- 
national Geophysical Year, following the Burtish 
Government's decision that scientific work should be 
contmued there Every antarctic summer, between 
November: and March, the sea ice clears sufficiently 
for specially-built vessels to make the difficult voyage 
to Britam’s Antarctic bases with rehef staff and 
supplles MV Kaista Dan has been chartered by the 
Falkland Islands Dependencies Survey this season 
to supplement the work of its own vessels, R R 8 's 
John Briscoe and Shackleton The former 18 expected 
to take part 1n the re-opening of the base on Stoning- 
ton Island after she has relieved the Halley Bay base 


Nigerian College of Arts, Science and Technology 


More than £85,000 was made available foi the 
Nigerian College of Arts Science and Technology 
among grants and loans appioved m November 
under the Colonial Development and Welfare Acts 
Fom grants were approved for the buldmg pro- 
giamme of the College—£22,500 for a library and 
£15,322 for a 30-man hostel at its Zana branch, and 
£18,750 for a library and £28,584 fo: a hostel block 
and two link blocks to accommodate 54 students at 
Ibadan Ths brings to £1,087,719 the total made 
avauable for the development of the College smee the 
first grant was approved m 1950 The College was 
established by the Nigerian Government as an auton- 
omous federal institution, with branches at Enugu, 
Ibadan and Zana, to share with University College, 
Ibadan, the task of providmg higher education m the 
territory It trams students m arts and science 
subjects leadmg to the United Kingdom Geneial 
Certificate of Education (Advanced Level) and 
provides full professional eouises leading to the 
examinations of appropriate professional bodies in 
Bitam or to college diplomas, and certificate and 
other courses The College 1s fully residential and 
16 18 hoped that by 1962 ıt will accommodate up to 
1,250 students m its three branches Total enrolment 
in the 1958-59 academic year was 875 students 


New Research Laboratories of Messrs. John and 
E Sturge 


New laboratories for organic and biochemical 
research work have been opened at Wheeleys Road, 
Brmmgham, by John and E Sturge, Ltd , as part of 
a plan to centralize the company’s research work 
One of the main activities will be fundamental 
research on fermentation problems, particulaily in 
connexion with the microbiological production of 
citie acid, involving a close study of the biochemical 
and chemical aspects of the life-cycle of Aspergillus 
"ger and the undertaking of an extensive mutation 
programme The laboratories include an instrument 
room maintained at 20° C, a special cold room for 
enzyme manipulation in which the temperature can 
be kept down to 0° C indefimtely, and sterile ar- 
conditioned rooms to facilitate the handling of micio~ 
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organisms The existing physical chemistry research 
laboratories at Wheeleys Road have been modernized, 
and are now fully equipped for radiochemical and 
Ingh-vacuum work and for ultra-violet spectroscopy 
At the company’s Lifford Chemical Works, Birmmg- 
ham, the analytical laboratories are bemg extended 
to cope with the testing of wncreased production, and 
the development laboratories have been rehoused in 
larger premises and now molude a section for technical 
service work on rubber, plastics, paper, pamt and 
pimtmg inks The Yorkshire laboratories at the 
company’s Selby works—formerly devoted to the 
organic and biochemical research work-—are now bemg 
used to extend the facilities of the development. 
analytical and mucrobiological departments Con- 
struction work will start shortly on & new pilot plant, 
together with an associated laboratory and admmis- 
trative offices 


Structure and Age of the Stars 


THE improvements on our knowledge of nuclear 
reactions and of the opacity of stellar material are 
leading to corresponding advances ın oux ideas of the 
structure and ages of the stars Developments in 
high-speed computers are playing a major part m 
this work, as may be seen from two recently pub- 
lished papers C B Haselgrove and F Hoyle (Mon 
Not Roy Astro Soc, 119, 112, 1959) have con- 
structed new models for stars of population types I 
and II, the latter having one-twentieth of the metal 
abundance relative to hydrogen that is present in 
type I The mtegrations refer to uniform stars 
before substantial evolution has taken place The 
results show that for stars with central temperatures 
less than about 21 x 10? °K the proton-proton 
reaction dommates the energy production, for 
hotter stars the carbon-nurogen cycle ıs dominant 
This central temperature 1s reached 1n stars of roughly 
twice the solar mass Stars which are more massive 
than this also possess convectrve cores An evolu- 
tionary run was obtained for a star of solar mass, and 
the age of the Sun, determmed by fittmg the observed 
lummosiby, 18 5 2 x 10? years, ın excellent agreement 
with the geophysically determmed age It also 
appears likely that the separation at zero age of the 
mam sequences of the different stellar populations does 
nob exceed 0 1 mag In a second paper (Mon Not 
Roy Astro Soc, 119, 124, 1959) Hoyle re-computes 
evolutionary sequences for stars corresponding closely 
to the lower portions of the globular cluster and the 
M 67 cluster giant sequences, that 1s, for types II 
and I, respectively He concludes that both these 
type of stars must be aged at least 9 x 10? years 
If ıt 1s assumed that type II stars are older than 
type I stars, Hoyle shows that the age of the Galaxy 
must be at least 10!9 years, and that the cluster 
cepheid variables cannot be bnghter than absolute 
visual magnitude + 0 6, a result in agreement with 
recent evidence fiom other lines of investigation 


Great Indian Rhinoceros 


THe Great Indian rhinoceros, Rhinoceros unicornis, 
18 one of the mammals the names of which appear on 
the list of animals in danger of extermmation, which 
is mamtamed by the Survival Service Commission of 
the International Union for the Conservation of 
Nature and Natural Resources In 1958, about 800 
of these rhmoceros were believed to exist, of which 
some 400 were known to be m India About the same 
number were thought to live in Nepal, ın the valley 
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of the River Rapti: The number of this rhmoceros 
in India was fairly accurately known because of the 
interest of the Indian Government, the attention 
given to the species by the Indian Board for Wild 
Lafo, and especially to the work of E P Gee There 
were about 350 rhmoceros in sanctuaries m Assam— 
notably 250 m the Kaziranga Wild Life Sanctuary— 
and fifty in Bengal About the number of rhmoceros 
m Nepal no accurate figures were known In Septem- 
ber 1958 a message from Katmandu came to the 
International Union for the Conservation of Nature 
stating that only about thirty-five rhmoceros re- 
mamed m Nepal, the rest had been killed by 
poachers The Survival Service Commission of the 
Union aiianged foi Gee to visit Nepal to mvestigate 
the distribution and status of rhinoceros in Nepal 
and to suggest measures for is preservation <A. 
survey by Gee shows that the rhinoceros has not 
ieached the levels which the message from Nepal 
had desembed, but the general picture 1s of declining 
numbers in a shrmking habitat Gee’s report has 
been accepted by the Survival Service Commission 
and given to the Union for appropriate action to 
pieserve the Great Indian ihimoceros (Oryz, 5, 
No 2, August 1959) 
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University News . Manchester 


De F FAIRBROTHER, reader m morganie chemistiy 
and assistant director of the chemical laboratories m 
the Faculty of Science, has been gianted the status 
of professor of inorganic chemisti y 


Oxford 


THE following grants are announced from the 
Nuffield Foundation for two years a sum not exceed- 
ing £8,000, for the continuation of research bemg 
carried out by H B Parry at the Nuffield Institute 
for Medical Research, under the direction of G $ 
Dawes , from the du Pont Company, US A, a grant 
of 3,000 dollars for the year 1960-61, for the support 
of basic research ım the field of theoretical chemistry 
in the Institute of Mathematics, under the direction 
of Prof C A Coulson , and £3,000 spread over three 
years from BP Tradmg, Ltd, for the purpose of 
continuing a research fellowship ın geochemustry, 
to be nominated by the professor of geology 


Announcements 


Da Epcar ZwiLLING, professor of biology at 
Brandeis University, Waltham, Mass, has been 
appointed to serve a three-year term on the Embryo- 
logy and Development Trainmg Committee, which 1s 
administered by the Division of General Medical 
Sciences of the National Institutes of Health, US 
Pubhe Health Service Dr Zwillng will review 
appheations for trammg grants m the basic sciences 
related to embryology and development, and will 
also provide technical advice to the National Advisory 
Health Council of the National Institutes of Health 
and the Surgeon General of the Public Health Service 
on matters pertamumg to the 1esearch trammg pro- 
blems of the nation 


EnRATUM We regret that m the article entitled 
“Occurrence and Quantitative Determmation of 
2-Dimethylaminoethanol in Animal Tissue Extracts” 
m Nature of August 15, p 551, the 17th hne from 
the bottom of the right column should read “mugra- 
tion value where ‘cysteme’ has " instead of 
s where ‘glyeme’ has A 
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HEATING AND VENTILATION 
BRITISH OCCUPATIONAL HYGIENE SOCIETY CONFERENCE 


gh eleventh conference of the British Occupa- 
tional Hygiene Society was held at the Institution 
of Mechanical Engmeers on Novernber 5, the presi- 
dent, Mr W H Walton, occupymg the char Dr T 
Bedford opened the proceedings with a paper entitled 
‘Requirements for Satisfactory Heatmg and Ven- 
'ilation", m which he discussed the suppression of 
body odour, the combating of airborne infection, the 
release of toxic materials in factories and the mam- 
tenance of comfort The definition of comfort zones 
1s effected, to a first approximation, by the dry-bulb 
temperature of the ar This, however, could be mis- 
leading if radiation, atmospheric humidity and air 
movement are sufficiently large These were taken 
account of by the speaker’s ‘‘corrected effective 
temperature”, though ıt had to be remembered that 
mdividual preference differed, and so, too, did the 
general attitudes in different seasons and countries 
To be pleasant as well as comfortable the surroundmg 
atmosphere had to contribute an element of stimu- 
lation This was associated in the first place with 
air-movement, which, while perceptible, was m- 
sufficient to constitute a draught The upper desirable 
limit depended on temperature Very low or very 
high relative humidities were often objectionable, 
but the optimum was not sharply defined The 
method of supplying artificial heat was important ın 
the avoidance of stuffiness Warm walls had been 
found satisfactory, while the lower part of the body 
should be warmer than the upper with a gradient of 
2° F to 3° F over the height of a standing man 
Heated ceilings required cautious use, for this reason 
Experments with heated floors suggested that dıs- 
comfort began when the surface exceeded 77? F 

The engmeering approach to air conditioning was 
explamed by Mr B G Lawrence, of the National 
College for Heating, Ventilating, Refrigeration and 
Fan Engmeermg Hus paper, which will be of the 
utmost value to consultants im heatmg and ventila- 
tion, explained m detail the basic methods of heating, 
eoolmg and humidifymg air and drew comparisons 
from which ıt was possible to decide upon the 
system best suited to a particular application 

Work in hot environments was dealt with by Dr 
A R Land, of the Medical Research Council Unit, for 
Research m Climate and Working Efficiency In hot 
surroundings men rapidly experience discomfort and 
fatigue, thew working capacity falls, errors of per- 
ception and judgment appear and, ultimately, serious 
physiological disturbances are followed by collapse 
The heat exchange between the body and its sur- 
roundings 1s complicated by a mse m body tem- 
perature durmg work which becomes greater m 
climates that are too hot An appraisal of the heat 
stress 1mposed by given surroundings necessitates an 
understanding of the way 1n which the heat exchange 
will be mfluenced by the thermoregulatory system of 
the human body In the absence of such regulation 
a man hard at work would increase m temperature 
by 14 4° F an hour In hot surroundings, acclimat- 
ization after about two weeks plays an important 
part m enabling iegulation to be extended beyond 
the normal hmt, it is associated with improved 
errculation, which helps the transfer of heat from 


deep tissues to the surface of the skm Dr Lind 
compared various indexes of heat stress and con- 
cluded that the predictive value of the sweat-rate 
system was valid under the widest range of con- 
ditions It was of practical value to be able to use 
an index to define the upper limit of a tolerable 
thermal environment Work was at present in hand, 
for example, to determme the safe duration of 
exposure for personnel engaged in mune-rescue 
operations Permussible limits for everyday work 
were important in industrial] minmg and Service 
activities , & comparison of naval and mimmg pro- 
posals was made ‘The final section of the paper 
dealt with measures which could be taken to reheve 
heat stress and the probable physiological response 
to them 

Fhght Lieut J Bihngham (Institute of Aviation 
Medicme) and Mr D J Day (Royal Aircraft Estab- 
lishment) discussed cabin air-conditioning m military 
aircraft, the former covering physiological aspects 
and the latter engmeermg The problem of keepmg 
the pilot comfortable presented novel features The 
air-cooling system had to extract a considerable 
amount of heat so that the difference ın temperature 
between inlet and exit air might be as high as 50°F, 
even with a very high rate of air change The differ- 
ence between wall and air temperature might also be 
large and m either direction Heat was produced by 
electronic equipment, but the exposed cabin walls 
were cold, on the other hand, the development of 
supersonic aircraft would result m heating of the 
eabin skin, and solar radiation had the same effect 
on its upper parts The humidity of air taken in to 
ventilate high-flymg aimeraft was practically zero 
Water could be added m civil machines, but the need 
to save weight might not permit this m military 
craft The clothing of air-crews varied a great deal 
Impermeable pressure suits might suffer from con- 
densation of body moisture upon the mner surfaces 
and, for this reason alone, all such suits should be 
ventilated The pilot had to be able to control the 
iur temperature to some extent, depending on his 
mean radiant temperature and his clothes The 
degree of variation, and of comfort provided, was a 
matter of balance between his deterioration 1n mental 
performance and the increase in the performance of 
the aircraft resulting from saving of weight A more 
severe stress could be umposed on a man embarkmg 
on a short sortie than would be tolerated durmg a 
long expedition 

Mr Day directed attention to the properties of 
the ICAN standard atmosphere, which was the 
raw materal for calculations on air supphes Real 
conditions often departed from this ideal specifica- 
tion In aircraft powered by gas turbines, a bleed 
from the compressor pressurized the cabm This air 
required to be cooled, its volume was decided by 
the heat load and the leakage rate Enemy action 
had to be considered 1n military planes and an excess 
of 4 Ib /m? was not exceeded Up to 9 Ib /in® was 
acceptable m evil machines, giving a cabin altitude 
of 8,000 ft ata true height of 47,000 ft Under the 
skm of the cabin, thermal insulation was provided 
by up to 1 ın of superfine fibreglass Uniformity of 
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temperature was achieved by careful arrangement of 
the an mlets About 15 lb /mm was a typical figure 
for the air supply to a smgle-seat cockpit Primary 
ar coolmg was performed by an air-to-air ram- 
operated exchanger The heat picked up could not 
be rejected mto the air stream, so ıt had to be used 
up by evaporating water or by heating up the con- 
siderable amount of fuel carried, which might even 
be refngerated before loading The final cooling, 
before admission to the cabin, was obtamed by 
expansion ‘Temperature contiol was by a mixing 
valve 

The conference was concluded with a paper by 
Surgeon Commander S Miles, of the Royal Naval 
Physiological Laboratory, who said that the nuclear 
propulsion unit brought with ıt the possibilty that 
a man might m future spend a full commission 
beneath the surface of the sea, not necessarily as 
part of a defence programme, since the cargo-carrying 
submersible vessel was now the subject of study 
The problem to be faced was the confinement of a 
crew in complete isolation while they worked, played, 
ate and slept encompassed by the sea During this 
time a high standard of health and morale had to be 
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mamtamed The cumulative effect of a discharge of 
toxic agent made the msks abnormal Carbon 
monoxide, carbon dioxide, body odours, fumes from 
cooking, paint, machinery and batteries had to be 
dealt with. The provision of oxygen from storage 
eylmders or chemical sources was expensive in space 
and might be replaced by the electrolysis of sea 
water or the absorption of dissolved gas, followmg 
the plan adopted by fishes Water was readily 
obtamed by distillation, but food was a problem 
Cyche feeding had been mooted by space-ship 
planners The screening of the reactors was efficient 
and the only source of radiation could be an escape 
of coolant, which was guarded against by continuous 
monitormg Luminous watch and mstrument dials 
were banned As & voyage progressed there was a 
swing to classical music in the popular taste, while 
conversation tended to become deeper Educational 
courses were popular and afforded compensation for 
the long immurement Exercise remamed a difficulty 

The papers presented at this conference and the 
discussion on them will be prmted in. Vol 2, part 3, 
of the Annals of Occupational Hygiene 

C N Davizs 
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SELECTIVE OXIDATION OF TETRAPYRROLE SIDE-CHAINS 


By J. BARRETT and P CLEZY 
Institute of Medical Research, Royal North Shore Hospital of Sydney 


N studies to determme the natwe of the side- 

chams and their ielative positions on the nucleus 
in the tetrapynoles, porphyrm a (ref 1) and chlonn 
as (ref 2), we have made considerable use of selective 
oxidation methods, some of which are new to this 
field while others have been furthe: mvestigated 
Since these methods have also been of value 1n prepar- 
ing various model compounds they aie of general 
application in this field and this communication 
summaaiizes our experience 

Because of evidence that porphyrin a and chlorm a, 
Gef 3) are hydroxylated compounds a method was 
iequired which would oxidize the alcohol group to 
carbonyl and thus demonstrate whether i6 was 
conjugated to the rmg, but which would not cleave 
the vinyl or extended vinyl side-cham, known to be 
present ın these tetrapyrroles Fischer’ employed 
potassium dichromate m pyridine to achieve this type 
of oxidation, but this oxidant m ow hands gave poor 
yields together with degradation products When 
acetone or glacial acetic acid was used as solvent, 
products with oxyporphyrm type spectra rapidly 
formed However, oxidation of both pirmaiy and 
secondary hydroxyl groups could be readily effected 
with the reagent developed by Jones e£ al* for the 
oxidation of acetylenic carbinols, in which chromium 
tiioxide/sulphurie acid ıs used m conjunction with 
acetone as solvent Oxidation was too rapid to 
allow for the appearance, with the dihydroxy porphy- 
11n8, of compounds with a single oxidized hydroxyl 
group The order of reactivity m the porphyiin 
series of compounds was CH,OH > —CHOHCH, 
>>> —CHO Thus mono- and di-hydioxymethyl, 
or hydroxyethyl, deuteroporphyrms were converted 
to the corresponding formyl or acetyl porphyrms in 
high yield 2-formyl 4-hydroxyethyl could be oxid- 
ized to 2-formyl 4-acetyl-deuteroporphyrm, little of 
the carboxy compound being formed Where oxida- 


tion of the formyl group was preferentially required, 
the hydroxyl groups could be protected by acetyla- 
tion In this way 2-formyl 4-hydioxyethyl-deutero- 
porphyiin was converted to 2-caiboxy 4-hydroxy- 
ethyl-deuteroporphyrin and 2-hydroxymethyl 4- 
formyl-deuteropoiphyrin to 2-hydroxymethyl 4-carb- 
oxy-deuteroporphyim The formyl groups could be 
completely protected by formation of a Gward com- 
plex, but usually this device was not required 

In the dihydroporphyrm series (chlorms, 1hodins) 
thodim g, alcohol (derrved from rhodm g, by reduction 
of the 8 formyl group with NaBH,) was smoothly 
oxidized by this technique to the formyl compound, 
though care was required to avoid over-oxidation as 
the dihydroporphyim ring tends to break down 
more readily than the porpbyrm nucleus The 
presence of side reactions was more marked m the 
case of the 2-a-hydroxyethyl compounds derived from 
pheophorbide a, pyrophaeophorbide a, rhodochlorm 
and pyrochlorim?, where a second compound with an 
oxyporphyim type spectrum and a low Willstabter- 
hydrochloric acid number was obtained The 
appearance of this type of degradation product on 
oxidation of the chlorin 2-hydroxyethyl compounds 
and 1ts absence fiom the 3-hydroxymethyl compound 
aie probably related to the significantly slower rate 
of oxidation of the secondary alcohol 

The procedure for oxidation was as follows A 
few mgm of the tetrapyrrole m 5 ml of acetone, 
freshly distilled over potassrum permanganate, cooled 
to 0° C, was treated under & nitrogen atmosphere 
with a very small drop of the chromium trioxide 
reagent which had previously been flushed with 
nitrogen The drop was apphed to the side of the 
test-tube and washed down by the acetone The 
spectrum of the compound rapidly changed to that of 
the acid form and the formation of the oxidized 
product could be followed with a hand spectroscope 
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On completion of oxidation—a matter of a few 
seconds—the acetone solution was poured into ether 
over 0 2 per cent sodium bicarbonate, and the ether 
then washed well with water Any degradation 
product due to cleavage of the tetrapyrrole ring 
structure was washed out of the ether solution When 
oxidation of the formyl group was required, the 
methyl ester was used since the carboxy porphyrm 
could afterwards be easily separated from non- 
acidic material by extraction with 1 per cent sodium 
carbonate 

Experments were carried out using chromium 
trioxide dissolved in acetone for the oxidation of 
hematoporphyrm m the same solvent With this 
system the porphyrin retaimed rts neutral spectrum 
and the rate of oxidation of the hydroxyl group was 
much slower than with the Jones reagent, so that a 
mixture of the mono- and di-acetyl porphyrm was 
obtained These products were readily separated by 
hydrochloric acid-ethei fractionation and by alumina 
chromatography of the methyl esters 

Specific oxidation of a primary o: secondary alcohol 
o of a formyl gioup was sometimes required Man- 
ganese dioxide (prepared by the method of Atten- 
bun ow et al °) ın chloroform oxidized hydroxymethyl 
groups in the porphyrim series to formyl, hydroxy- 
ethyl groups 1emamung unaffected Mono- and di- 
hydroxymethyl-deuteioporphyrm, 2-hydioxymethyl 
4-vinyldeuteroporphyum, 2-hydroxymethyl 4-hydr- 
oxyethyl-deuteroporphyim and porphyrm a alcohol 
were in this way oxidized to formyl compounds, the 
vinyl and the secondary alcohol bemg unaffected 
With the 2-hydroxymethyl compounds, 50 per cent 
oxidation took place within 1 hr, but m the case 
of compounds with the hydroxymethyl at the 4- 
position the complete oxidation required 12 hr 
No detectable oxidation of the 3-hydroxymethyl 
group of rhodm g, alcohol was obtained with this 
ieagent even after 72 hr 

Attempts to obtain specific oxidation of hzmato- 
porphyrin with alummium-sopropoxide or butoxide, 
using acetone or cyclohexanone, under reflux, did 
not give practical yields of the di-acetyl porphyrins , 
so that no specific method ıs available for the 
secondary alcohol 

Silver oxide has been used for oxidation of alde- 
hydes' and Nicolaus?! has prepared a pyrrole acid 
with a carboxy side-chain, using silver oxide generated 
an stu With formyl porphyrins we could not obtain 
more than a trace of the carboxy compound after pro- 
longed treatment with either silver oxide previously 
prepared or precipitated «n stu m alkalme media 

Lemberg and Parker? using potassrum permangan- 
ate m acetone oxidized protoporphyrm to obtain 
ehlorocruoroporphyrm and some diformyl and carb- 
oxy porphyrm, the relative proportions dependmg 
mainly on the concentration of the reactants We 
thought 1t hkely that oxidation beyond the chloro- 
eiuoroporphyrm stage might be reduced 1f the reaction 
was carried out at room temperature The concen- 
tration of potassium permanganate (0 64 m mole 
m 500 ml) and of protoporphyrm (0 17 m mole in. 
400 ml) m acetone was the same as that found by 
Lemberg and Parker to give good yields of chloro- 
eruoroporphyrm ‘To a solution of the porphyrm in 
acetone, potassium permanganate ın the same solvent 
was added over a period of several minutes A fine 
precipitate of manganese oxide formed after 10 mun 
or so, and oxidation was usually complete afte: 1 hi 
The precipitate was spun off and the porphyrm taken 
into ether, and this washed thoroughly with water 
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The addition of only a small amount of potassium 
permanganate resulted m the formation of formyl 
porphyin from protoporphyrin, detectable by tho 
appearance of a band at 556 my m the acetone solu- 
tion On further addition of potassium permanganate 
this band incieased m density until ıt was much 
stronger than the 537 my of the 1emamung non-formyl 
porphyrm But even when the potassium permangan- 
ate/protoporphyrm molar ratio was raised to 10 an 
absorption band was still visible at 537 my and this 
band was shown to be due to an oxyporphyrim (order 
of band intensity I, IV, III, IT) At these higher 
concentrations of potassium permanganate some 
diformyl porphyrm was formed, but very httle 
carboxy porphyrm When chlorocruoroporphyrin 
ot porphyrin a (porphyrms which have a vinyl group 
m the 4 position?!) were treated similarly no 
oxidation of the respective vinyl gioups was effected 

A similai resistance of the vinyl group ın the com- 
pounds was found on hot oxidation with potassium 
permanganate, even when the concentration of the 
reactants was mereased several-fold, although traces 
of the diformyl compound were obtained fiom chloro- 
cluciopoiphyrin, and from porphyrm a (Lemberg, 
unpublished work) But if the formyl group of chloro- 
cruoroporphyrm oi porphyrin a was ieduced wrth 
borohydride prior to potassram permanganate treat- 
ment, then ıt was found that the vinyl group m 
these compounds was oxidized to a formyl, though 
less readily than with the 2 vinyl groups of proto- 
porphyrin Thus a new formyl porphyrm has been 
obtamed from chlorocruoropoiphyrm alcohol and 
porphyrin a alcohol respectively That from the 
latter has absorption bands III and IV at 555 mp 
oe 514 mu respectively (ratio III/IV = 13) m 
other 

The hydroxyethyl groups of hæmatoporphyı m 
were completely resistant to oxidation with potassium 
permanganate in acetone by the method outlined 
above, even on refluxmg fo. an hour. On cold oxida- 
tion monohydroxymethyl-deuteroporphyrm yielded 
about 1 per cent of formyl porphyrm, while refluxing 
for 1 hr mereased this to 5 per cent, so that vinyl 
gloups m a hydroxylated porphyrm may be selec- 
tively oxidized by this method without the necessity 
of first protecting the hydroxyl groups by acetylation 

From these experiments 1t 1s evident that a formyl 
exerts an mhibitory effect on the rate of oxidation of a 
double bond conjugated to the nucleus, and secondly, 
that a vinyl group in the 2 position is much more 
reactive than one in the 4 position From the 
evidence of the manganese oxide oxidation and other 
expermments carried out m this laboratory 1b 1s hkely 
that other side-chams may exhibit this mcreased 
reactivity when situated m the 2 position of the tetra- 
pyrrole nucleus We propose to extend this investi- 
gation by exammmg the relative reactivities of 
substituents when present on different 8 positions of 
the tetrapyrrole rmg system 











Table 1 
$ 
Substituted Absorption bands (my)| Spectral 
deuteroporphyrin I Ii iy IV iype 
(ref 12) 
Monoformy! monacetyl 646 587 561 521 | Aetio 
Monoformyl monohydroxyethyl 641 581 556 516 | Rhodo 
Monoformylmonohydroxymethyl | 641 581 556 510 | Rhodo 
Monocarboxy monovinyl 636 581 550 512 | Rhodo 
Monocarboxy monohydroxyethyl | 634 579 547 510 | Rhodo 
Monocarboxy monohydroxy- 
methyl 624 578 547 510 | Rhodo 
Dihydroxymethyl 624 589 529 498 | Aetio 
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Table 1 gives the position of the absorption bands, 
in chloroform, of a number of new porphyrins 
(dimethyl esters) which have been prepared in this 
study 
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HIGH PREVALENCE OF HIGH-LEVEL s-AMINO-/ISOBUTY RIC 
ACID EXCRETORS IN MICRONESIANS 


By Dr. B S. BLUMBERG 


National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, Bethesda 14, Maryland 


AND 
Dr. S. M. GARTLER* 


Department of Medicine, School of Medicine, University 
of Washington, Seattle 5, Washington 


IFFERENTIAL excretion of 6-ammo-zsobutyric 

acid is under genetic control, and family date 
mdicate that a single major gene pair 18 responsible 
for most of the vanations4* High excretors aro 
homozygous fo. a single recessive gene and low 
excietors erther heterozygous or homozygous for the 
dominant allele Striking differences m the preval- 
ence of high excretors m various populations have been 
demonstrated and ıb appears that this genetic poly- 
morphism may be of considerable value m anthropo- 
genetic investigations’.* 

We are paticularly interested in utilizing this 
trait to explore the genetic relationships and origms 
of various Pacific peoples and this report extends om 
observations on excretion of B amino-zsobutyric acid 
to the Micronesians inhabitmg the Marshall Islands 
The fact that some of the Micronesians were exposed 
to considerable radiation 1n. 1954 18 of special interest 
here It 1$ known that radiation exposure can 
temporarily at least mcrease B-amuno-wobutyric acid 
excretion®, and the Marshallese population permits 
an, examimation of possible long-term effects of such 
exposure on B-amimo-esobutyric acid excretion 

The following information on the radiation exposure 
and present status of the inhabitants of Rongelap 
and Utmik was obtamed from the reports of the 
Brookhaven National Laboratory*, and from Dr 
R A Conard of Brookhaven National Laboratory 

Micronesian inhabitants of Rongelap and Utimk 
atolls, Marshall Islands, were accidentally exposed to 
fallout m March 1954, following the detonation of a 
high-yield thermonuclear device during experiments 
at Bikm Atoll m the Pacific Provmg Grounds 
Sixty-four inhabitants of Rongelap received an 
estimated dose of 175 r whole-body y-raciation, 
18 Rongelap people on Ailmgnae recerved about 
half this dosage, and 157 of the people on Utirik 
received about 14 r whole-body radiation The 
exposed people wee evacuated to radiation-free 
islands m the Marshalls The Utirik mhabitants 
were repatriated soon after them evacuation when 1t 
was determined that the island was safe for habitation 

* Senor Public Health Research Fellow 


The exposed Rongelapese, as well as some 150 
unexposed relatives, were returned to Rongelap m 
July 1957 when the radiological hazard was judged 
to have been terminated There was, however, slight 
residual radioactivity remaimmg on the island, and 
the body burdens of radioactive substances, particu- 
larly of ezesrum-137 and zine-65, and urinary excretion 
of nucleotides has risen in the Rongelapese since ther 
return Both the origmally exposed and the unex- 
posed people now have mereased body burden, with 
no significant differences between the two groups 
The body burden of these radionuclides 1s below the 
maximum permussible levels 

Rongelap is m the western (Rahk) cham and 
Utirik in the eastern (Radak) chain of the Marshall 
Islands Some differences m language and customs 
prevail between these two groups, but for most 
purposes the people of Rongelap and Utirik may be 
considered to be closely related racially 

Rongelap urmes from 65 exposed (including 12 
urmes from individuals exposed on Ailmgne), 119 
unexposed and 4 unidentified people were collected in 
plastic bottles contamung thymol preservative The 
sample represents 75 7 per cent of the population of 
the village at the tıme of the visit The sexes were 
equally represented, and the ages of the subjects 
varied from 3 yeais to more than 70 years In some 
cases, several members of the same family were 
meluded, and some kmships suitable for genetic 
analysis were available Eighteen samples randomly 
selected on Utuik were also studied The urines were 
kept at 4? C and shipped ın refrigerated contamers to 
Seattle for analysis Studies were completed 2-3 
weeks after collection of specimens Determinations 
of B-ammo-wsobutyrie acid were carried out by high- 
voltage electrophoresis on paper? and creatinine was 
determined by the alkahne-picrate method 

Durmg the course of the medical evaluation of the 
Rongelapese by Conard and his associates, the body 
burdens of nucleotides were determmed? Through 
the courtesy of Dr S Cohn of the Brookhaven 
National Laboratory, who performed these measure- 
ments, the body burdens of essrum-137 and zmo-65 
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of the individuals on whom determination of B-amino- 
wsobutyric acid had been made were supplied to us 
The availability of these data gave us an opportunity 
to determme if these low levels of radioactivity had 
any effect on the excretion of B-ammo-ssobutyrie acid 

In Fig 1 the frequency distribution of B-amuno- 
aobutyric acid excretion for the Rongelapese is 
presented A similar histogram for a New York City 
white population ıs moluded for comparative pur- 
poses The two distributions are essentially com- 
plementary to one another, and if superimposed 
exhibit bimodahty with the antumode m the neigh- 
bourhood of 175 Takmg this pomt as the division 
between high and low excretors, 1b ıs estimated 
that nearly 90 per cent of the Rongelapese are high 
excretors A breakdown of this population into 
exposed and unexposed groups shows almost identical 
mean §-amino-rsobutyric acid excretion values for 
the two categories (exposed 2 07 + 0 06 and unex- 
posed 2 10 + 0 04) A scatter plot between cæsium- 
137 levels and B-ammo-ssobutyric acid-level shows no 
correlation (Fig 2), and a simular plot between 
zino-65 levels and §-aramo-zsobutyric acid shows no 
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correlation either The mean B-ammo-2sobutyniec acid 
excretion level for 18 Micronesians, who were on 
Utirik at the time of the atomic explosion and there- 
fore not exposed to significant radiation, was 2 21 + 
0 13, which is extremely close to the mean value 
reported for the Rongelapese above 83 per cent of 
the Uturik people were high excretors, and this 1s not 
significantly different from the prevalence in the 
Rongelap group A number of families are included 
in the Rongelap data (that 1s, father, mother and at 
least one child), and of them the high excreta by 
high excretor matings are the only ones with signifi- 
cant genetic information There were 11 such 
matings with a total of 31 offspring (29 high excretors 
and 2 low excretors) One of the low excretor off- 
spring was legitimate, as determined by blood group 
data, leavmg one unexplainable exception to genetic 
hypothesis 

Rubin e£ alë have iecently demonstrated that 
B-ammo-«sobutyiie acid excretion can be a sensitive 
mdicator of radiation exposure The mechanism 
involved ıs probably the same as that undeilying the 
effect of nitrogen mustard on B8-ammo-sobutyric 
acid excretion? Such agents markedly increaso 
breakdown of deoxyribonucleic acid, the thymme 
thus ieleased is effectively converted to -anuno- 
450bubtyiie acid in man’! and excreted mto the urme 
since no appreciable tubular 1e-abso1 ption of B-amino- 
?sobutyrie acid oceurs® It 1s unlikely that the high 
prevalence of high-level §-ammo-ssobutyric acid 
exeretors found in Rongelap ıs due to 1adiation The 
identical average 8-ammo-zsobutyric acid values in the 
exposed and unexposed group precludes the possibility 
that the elevation is due to the fallout exposure in 
1954, and 1t appears that there 1s no long-term effect 
of radiation exposure (at the levels recerved on 
Rongelap) on §-amuno-wsobutylic acid excretion 
The lack of correlation with the cesi1um-137 and 
zmc-65 body burdens rules against the elevation 
bemg due to the present radiation-level The nearly 
identical values in the Utirik group who received a 
very small dose of radiation, and who have much 
lower body bmdens of iadionuchdes, is also con- 
sistent with the thesis that a high prevalence of the 
gene underlying §-ammo-rsobutyric aciduria 1s respon- 
sible fo. the observed  g-ammo-wobutyric aed 
excretion-rate The expression of the normal genetic 
difference 1s probably due to differential metabolism 
of @-amino-esobutyric acid by high and low excretors?® 
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Fig 2 Urinary f-amino-wsobutyric acid excretion (log mgm 
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The level of B-àmuno-ssobutiyrie acid excretion among 
the Marshallese 1s the highest yet reported for any 
population Blood group! and other anthropological 
data on these people suggest a south-east Asiatic 
origin for them which, 1f true, predicts a high B-ammo- 
asobutyric acid. level for the populations of that region 
Studies of some Asiatic populations have given 
relatively high f-ammo-sobutyric acid values, which 
suggest that there may be an Asian focus for the 
high 8-ammo-isobutyric acid excretor gene We are 
at present sampling other Asian populations to 
determine if this 1s true and to find some clue to the 
population dynamucs affecting this polymorphism 


Table 1, FREQUENCY OF HIGH EXCRETORS IN VARIOUS POPULATIONS 














Percentage of 
Population Sample size | high exeretors Ref 

USA Whites 218 10 2 11 
Alaskan Eskimo 120 233 3 4 
Alaskan Athabasean 

Indians 25 56 0 4 
Apache Indians 110 59 2 2 
Rongelap Islanders 

(Marshallese) 188 86 0 — 
Utirik Islanders 

(Marshallese) 18 83 0 — 
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REPLICATION OF TOBACCO MOSAIC VIRUS 
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BUSCH Ill LABORATORY of MOLECULAR BIOLOGY 


Washington University, St Louis, Missouri 


Kinetics of Virus Protein and 
Ribonucleic Acid Biosynthesis 


By Pror. BARRY COMMONER, Dr JAMES A. 
LIPPINCOTT and Dr JANEY SYMINGTON 


ROPOSALS regarding the mode of repheation of 
a virus must be consistent with evidence on the 
biosynthesis of the virus substance In the case of 
tobacco mosaic virus, 16 1s known that both the 
protem and ribonucleic acid parts of the virus ribo- 
nucleoprotem are synthesized de novo in the mfected 
cell from low molecular weight precursors! , but this 
result places only a relatively shght restriction on 
theories of replication In the present article we 
report isotope experiments which describe the rates 
of synthesis of tobacco mosaic virus protem and 
ribonucleic acid at various times during the mfection 
process and the biosynthetic origin of protem and 
ribonucleic acid residues that occur in different parts 
of the virus rod The results lead to a more detailed 
characterization of biosynthesis of tobacco mosaic 
virus and thereby provide further limitations on 
possible theories of replication of tobacco mosaic 
virus, the consequences of which are considered m an 
article which follows 
In these experiments nearly mature leaves of N 
tabacum (var White Burley) plants were moculated 
with the standard Johnson stram of tobacco mosaic 
virus and maintained thereafter at constant illum- 
mation averaging about 500 foot-candles, and a tem- 
perature of 24°C At a given interval after mocula- 
tion about 40 gm of blade tissue was removed from 


the moculated leaves and exposed to carbon dioxide 
labelled with carbon-14 (0 07 per cent m air, 33 x 
10: c pm /mgm carbon) under about 500 ft -candles 
of illummation for measured periods of time Un- 
labelled 5 per cent carbon dioxide was then flushed 
through the system for a period of 10 mm The leaf 
tissue was then frozen m hquid nitrogen and the 
virus isolated by procedures described previously? 

Tobacco mosaic virus purified by 6 cycles of 
alternate low-speed centrifugation (2,5007, 1 hr), 
and ultracentrifugation (105,000g, 1 hr), several 
isoelectric precipitations and dialysis exhibits a con- 
stant carbon-14 level on reprecipitation Smee the 
virus protem is 95 per cent of the mass of tobacco 
mosaic virus and (as will be shown below) the specific 
activity of virus ribonucleic acid 1s somewhat less 
than that of whole virus, the specific activity of 
whole tobacco mosaic virus may be taken as repre- 
sentative of the specific activity of the virus protein 
To determine the specific activity of virus ribonucleic 
acid without interference from tobacco mosaic virus 
protein ıt is convenient to convert ıt to nucleotides 
For this purpose ribonucleic acid 1s isolated from the 
virus by the heat method’, and hydrolysed ın 0 3 M 
potassium hydroxide for 18 hr at 37°C The solution 
18 acidified to pH 2, and the nucleotides adsorbed on 
charcoal, which is then washed twice with distilled 
water The nucleotides are then eluted from the 
charcoal by two portions of 1 per cent ammonium 
hydroxide in ethanol, and separated by paper electro- 
phoresis‘ 

The virus content (V) per gram (wet weight) of 
infected leaf was determined by methods deseribed 
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HOURS AFTER INOCULATION 
Fig 1 Tobacco mosaic virus content of tobacco leaf tissue at 


various times after inoculation with tobacco mosaic virus The 

pointe are derived from mature leaves removed from separately 

infected plants at the indicated time after inoculation Plants 

were maintained at 24° C ,and about 500 ft -candles of continuous 
ilummation following inoculation 


earher* Fig 1 shows the virus content of the infected 
leaf at various times after inoculation The curve is 
a typical one for White Burley tobacco leaves under 
these experimental conditions’ ‘From this curve ıb 
18 possible to estimate the increment in virus content 
(AV) which occurs m the leaf during the time of 
isotope moeorporation Since these times (3-45 mun) 
are very short relative to the overall time-course of 
virus synthesis (several hundred hours), the amount 
of new virus synthesized during isotope meorporation 
is a small part (less than 1 per cent) of the virus 
present, so that AV cannot be measured directly 

However, the rate of virus formation m the tissue 
(K;,) can be estimated, for any given time after 
moculation, from the slope of the curve of Fig 1 

Within the short period of isotope mcorporation 
(At) this rate ıs, m effect, constant, so that AV can 
be estimated from the relationship 


AV = K, At (1) 


The value of AR, the amount of virus ribonucleic 
acid synthesized during the tıme At, can be determ- 
ined in the same way, the ribonucleic acid content of 
tobacco mosaic virus being about 5 2 per cent 

Accordingly, for any given infected tissue exposed. 
to labelled carbon dioxide for a period of time, At, 1t 
18 possible to determme the values of V, AV, S, (the 
specific activity of the total virus), and ©, (the 
specific activity of virus ribonucleic acid) A series 
of such measurements have been obtained from virus 
isolated from leaf tissue which had been removed 
from infected plants at various times after imocula- 
tion, and then exposed to labelled carbon dioxide for 
one or more periods of time between 3 and 45 min 
The results, which are plotted m Fig 2, show that 
within a relatively narrow range of vamabuility, the 
values of S,V/AV and S,V/AV are proportional to 
At 1f the latter does not exceed 30 min 
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We may therefore state that. 
SV 
LL = K, Aż 
AV” (2) 
and 
S.V 
zKQA 
AV 7A (2a) 


where K, and K, are, for the present, designated 
simply as the relevant constants of proportionality 

The significance of this observation is apparent 
from the following considerations Tobacco mosaic 
virus, once formed, 1s metabolically mert? Hence, m 
these experiments only the virus synthesized durmg 
the period of isotope mcorporation contains carbon-14, 
and its isotope content 1s diluted by the pre-existing 
unlabelled virus Hence 





_ SV 
Sav = Fp (3) 
and 
S.V 
Sar = —. 
AR = Fy (3a) 


where AV is the amount of virus newly formed in 
time, At, Say 1s the specific activity of newly formed 
virus, and Sap 1s the specific aetrvity of the mbo- 
nucleic acid m the newly formed virus The observa- 
tions reported m Fig 2 and the empirical relation- 
ships expressed m equations (2) and (2a) mean that 
the specific activities of the total mass of the newly 
formed virus (which may be equated with 1ts protem) 
and of 1ts ribonucleic acid creases linearly with the 
time of meorporation of labelled carbon dioxide 
K, and K,, which are constant with variations m 
time after moculation, therefore, represent the rates 
at which the protem and ribonucleic acid comple- 
ments of newly formed tobacco mosaic virus merease 
in specific activity 

These conclusions lead to certam further charac- 
terizations of the biosynthetic process Since tobacco 
mosaic virus 18 metabolically inert, the amount of 
carbon-14 present in the virus formed during a given 
period of isotope incorporation (C ) is equal to the 
amount of carbon-14 present ın the source materal 
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SPECIFIC ACTIVITY OF NEWLY 
FORMED TMV-CPM x 10°3/MGM 


0 10 20 30 40 50 
At- TIME OF CO, INCORPORATION (MIN) 


Fig 2 Relationship between the specific activity of protein and 
ribonucleic acid 1n newly formed tobacco mosaic virus and time 
of incorporation of labelled carbon dioxide Specife activity of 
newly formed protein ıs determined from the quotient SeV/AYV. 
Specific activity of newly formed ribonucleie acid is determined 
from S,V/AV (see text for details) Closed circles, protein values , 
open circles, ribonucleic acid values Numbers near individual 
points 1ndicate the number of hours after inoculation with tobacco 
mosaic virus when leaf tissue was removed from plant and 
exposed to labelled carbon dioxide Lower solid line and lower 
broken line indicate maximum intercepts on A? axis that are 
compatible with the data Data are derived from tissues described. 
in Fig 1, all of which were cultured under the mdicated uniform 


conditions » 
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converted mto virus durmg that period Hence C, 
will reflect the specific activity, Sp, of the pool of 
source material Tobacco mosaic virus 1s synthesized 
from material common to the normal cellular meta- 
bolic pool, and we may expect the mass of this pool 
to romam relatively constant durmg the brief period 
of incorporation of carbon-14 In this case, Sp will 
increase from its mitial value of zero hnearly with 
At, so that 


Sp = ky At (4) 


where k, 1s the rate of increase m specific activity of 
the metabohe pool that serves as a source of virus 
substance 

The rate of change of C, with time will depend on 
Sp and on the rate at which substance 1s transferred 
from the metabolite pool to virus The latter rate is 
identical with the rate of tobacco mosaie virus syn- 
thesis, K,, so that 


ix = SE, = ky AE, 


and 
dO, = kK, At dAt 


Therefore, on integration between the lmuits C, and 
Cy = 0 and At and At = 0 


Cp = È Ky (At) (5) 


Since the isotope content of the virus ıs the product 
of 1ts mass (V) and specrfic activity (Sy) 


O, = SY = Er E, (At 


However, from equations (1) and (2) 16 1s known 
also that 


S,V = KK, (At)? 
so that 


Ky=2 (6) 


Analogous considerations with regard to k,, the rate 
at which the metabolic precursors of virus ribonucleic 
acid merease in specific activity, lead to the con- 
clusion that 


k, 


E - (6a) 


These results show that the empirical observations 
expressed m equations (2) and (2a) are an expected 
consequence of the kinetic relationships between the 
tobacco mosaic virus in infected tissue and the 
metabohe precursors of virus protem and ribonucleic 
acid They also serve to specify quantitatively the 
parameters which connect the rate of mcrease m 
specific activity of virus substance, and the rate of 
increase m the specific activity of its immediate 
precursors 

"The most probable sources of tobacco mosaic virus 
protem and ribonucleic acid are the free ammo-acids 
and ribonucleotides of the leaf To test the relation- 
Ships just deseribed, we have in two instances 
estimated the values of k, and k, by determining the 
levels of carbon-14 attamed by the free amino-acids 
and iibonueleotides found m virus-infected tobacco 
leaf after 30-mm periods of incorporation of labelled 
earbon dioxide 

The source material relevant to virus protem. syn- 
thesis 1s that mixture of free ammo-acids which is 
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Table 1 SPECIFIO ACTIVITIES OF FREE AMINO-AOLDS ISOLATED FROM 
TOBACCO MOSAIG VIRUS-INFECTED TOBACCO LEAF 
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Preparation I Preparation II 
Per cent | Specific | Specific | Specific | Specific 
Free of TMV | activity | activity x | activity | activity x 
ammo-acid| protein |(cpm x | percent |(epm x | percent 
of TMV | 107? per | of TMV 
protein | mgm C)| protein 
Aspartic 46 305 
Glutamie 104 61 
Serine 161 2,181 
Glyeine 4 329 
Threonine 25 206 
Alanine 7 62 
Total 347 
Total 
TMV 722 








Free amino-acids were isolated from extracts prepared by homo- 
genizing frozen leaf tissue after 30 min of incorporation of labelled 
carbon dioxide in the hght (followed by 10 mun of excess normal 
carbon dioxide) in 80 per cent ethanol Amuno-acids were purified by 
adsorption and elution from ‘Dowex 50’, and then separated by paper 
chromatography ın a phenol-water solvent (pH 12) Streaks repre- 
senting individual spots were locahzed by means of a ninhydrin 
spray, and then eluted Amuno-acid content of eluates was determined 
by Moore and Stein's quantitative ninhydrin method (ref 10) and an 
aliquot counted for carbon-14 activity Individual counts were in the 
iange of 40-6,000 cpm, on amounts which varied from 0 4 to 
12 ugm Preparation I was isolated from infected tissue at 126 hr 
after 1noculation, and Preparation II at 146 hr afterinoculation 


identical ın composition to tobacco mosaic virus 
protem However, it was possible to isolate in 
quantities sufficient for analysis of carbon-14 only 
six free ammo-acids, which m aggregate account for 
48 per cent of the virus protem Ther specific 
activities when isolated from two separate batches of 
leaf after 30 mm assimilation of labelled carbon 
dioxide are reported in Table 1 The weighted mean 
specific activities for this amuno-acid pool yield an 
average specific activity, for the two cases, of 
600 4 120 cpm x 107? per mgm of ammo-acid 
carbon 

Corresponding results for ribonucleic acid are shown 
m Table 2 In each experiment ıt was possible to 
isolate only two of the required four free ribo- 
nucleotides However, since the specific activities of 
each nucleotide in the virus ribonucleic acid were 
determined, the missing values may be estimated on 
the assumption that the relative specific activities of 
the nucleotides m ribonucleic acid reflect the differ- 
ences among the fiee ribonucleotides In the two 
expermments ib was found that after 30 mm of 
moorporation of labelled carbon dioxide, the average 
specific actavity of the pool of free ribonueleotides 
relevant to biosynthesis of virus mbonucleic acid is 
180 + 60epm x 10? per mgm carbon 

From the foregoing results we may estimate the 
values of k, and k, as 20,000 + 4,000 and 6,000 + 
2,000 c p m /mgm of carbon/min , respectively As 
indicated earlier, on the assumption that virus 
protem and ribonucleic acid are synthesized from free 
amino-acids and ribonucleotides, respectively, these 
values of ky and k, should be twice the values of 
K, and K, 

Table 3 reports the values of K, and K, derived 
from the specific activities of tobacco mosaic virus 
isolated from the tobacco leaf at various times after 
moculation The values are relatively constant The 
mean value of Ky 1s 8,722 + 617, the mean value 
of K, 1s 1,818 +174 cpm /mgm of carbon/mm 
Withm the range of analytical variation inherent in 
the rather limited data on free ammo-aeids and 
ribonucleotides, these values conform to the relation- 
ships expected from the considerations summarized 
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RIBONUOLEIO ACID FROM INFECTED TOBACCO LEAF 






































Specific activity—c pm x 107 per mgm C 
Molar Preparation I Preparation IT 
1atio in 
Nucleotide TMV Specific activity Specific activity 
RNA Vuus RNA Free leaf of free nucleotides | Virus RNA Free leaf of free nucleotides 
nucleotides nucleotides x nucleotides nucleotides x 
molar ratio molar ratio 
Cytidyhe acid 18 5 0 065 41 8 0 048 (21) (4) 
Adenylie acid 29 5 1 006 591 174 0 408 176 52 
Guanylie acid 26 0 0 175 (103) (27) 0 325 (140) (36) 
Uridylic acid 260 0 248 (146) (38) 0 075 81 21 
Total RNA 100 247 113 3 


Free ıtbonucleotiıdes were isolated from an extract prepared by homogenizing infected leaf (after 30 min of incorporation of labelled carbon 


dioxide 1n the hght and 10 mm of normal carbon dioxide) in 0 6 M perch: 


loricacid Ruibonucleotides in the neutralized extract were purified by 


chromatographic separation on a ‘Dowex 1’ column Fractions obtained by this means were then further purified by adsorption and elution 
from charcoal and by paper electrophoresis, the last two steps being repeated to yield the final sample for carbon-14 determination Carbon-14 


counts were in the range of 6-127 ep m , 


amounts of nucleotides counted wore ın the range of 0 40-1 2 ugm Nucleotides were isolated from 


tobacco mosaic virus extracted from the same tissue samples according to methods described in the test Figures 1n parenthesis are estimated 
on the eee On that the relative specific activities of the 4 nucleotides ın virus ribonuclere acid are in the same proportion as the specific 


activities of the respective free ribonucleotides 
in equations I1-6a This result tends to validate the 
biosynthetic mechanism which these equations 
describe A majo: feature of this mechanism of 
biosynthesis of tobacco mosaic virus 1s that the rates 
of synthesis of virus substance from the relevant 
precursors are identical with K,, the rate at which 
tobacco mosaic virus appears m the tissue ın its 
completed extractable form It would appear, 
therefore, that throughout the period of the mfection 
process encompassed by our results, tobacco mosaic 
virus rods are formed about as fast as them protem 
and ribonucleic acid constituents are synthesized 
from free amino-acids and ribonucleotides These 
observations suggest that throughout the infection 
process the rates of synthesis of tobacco mosaic virus 
protem and ribonucleic acid are m the ratio of then 
respective contributions to the virus mass, and are 
synchronized with the process which achieves the 
formation of the completed virus rod 

In an effort to explore further the mechanism of 
virus synthesis, we have investigated the distribution 
of carbon-14 im various linear regions of the virus 
rod In a previous paper? we reported means for the 
removal of measured linear sections of protem and 


ribonucleic acid from one end of the tobacco mosaic 
virus rod Protem. is removed by means of a graded 
series of treatments in a detergent solution A cor- 
responding terminal section of the virus ribonucleic 
acid fibre 1s thereby exposed, all or part of which can 
then be removed by incubating the rod ın pancreatic 
ribonuclease or snake venom diesterase 

Some of the labelled tobacco mosaic virus prepara- 
tions isolated durmg the course of the foregomg 
experiments were analysed in further detail by means 
of this technique Protem representing measured 
termmal sections of the total length of the tobacco 
mosaic virus rod was removed and the carbon-14 
specific activities determmed From the differences 
between the sizes and specific activities of successively 
larger termmal sections one can calculate the carbon- 
14 specific activities of serial segments of the rod 

Results of such analyses are shown in Fig 3 
These show that the distribution of carbon-14 m the 
virus protem is not uniform along the length of the 
rod Excess carbon-14 is found in the more distal 
segments of the rod, especially ın the first 5—10 per 
cent of its length The disproportionate accumulation 
of carbon-14 m terminal sections 18 most pronounced 



























































Table 3 CALCULATION OF RATES OF INCREASE, WITH TIME OF CARBON-14 INCORPORATION, IN SPEOIFIO ACTIVITIES oF TOBACCO Mosaic 
VIRUS PROTEIN (Kv) AND RIBONUOLEIO ACID (Kr) 
71 
y K, AV Sv Sr Ko = K, = 
Hr after (mgm of TMV | (mgm of TMV At (mgm of TMV] (cpm per (cpm per 
inoeulation earbon per carbon per (min ) carbon per mgm TMV mgm TMV SuVi/AV At SrP/AV At 
gm leaf) hr) gm leaf) carbon) RNA carbon) 

88 014 0 004 30 0 0020 3,720 676 8,683 1,577 

118 0 38 0 013 45 0 0097 8,200 — 7,082 — 
140 0 70 0 015 5 0 0013 90 — 9,692 — 
10 0 0025 360 — 10,082 — 

30 0 0075 1,062 550 7,262 1,711 

145 0 64 0 015 3 0 0007 36 10,809 2,438 
168 0 98 0 013 15 0 0033 565 11,192 -— 

30 0 0065 1,920 520 9,051 2,013 

172 114 0 012 10 0 0020 125 28 7,125 1,595 

20 0 0040 480 99 6,840 1,411 
21 154 0 005 21 0 0017 240 — 10,336 — 

x 41 0 0034 535 125 5,910 1,881 

= Average 8,722 (+617) 1,818 (+174) 


V 1s the virus content of the infected leaf, Ka 18 the rate of increase in virus content determined from a plot of V against hours after 


inoculation (see Fig 1), At 1s the time of incorporation of labelled carbon dioxide in the light (1n each case followed by a 10-mun period of 
incorporation of normal carbon dioxide in the light) AV 1s the increment 1n virus content during the time At, calculated from the values of 
K,and At, Svis the specific activity of tobacco mosaic virusisolated from the tissue, which 15 equivalent to the specific activity of virus protem , 
S, 1s the specific activity of virus ribonucleic acid, determined from the specific activities of the nucleotides isolated from the ribonucleic acid , 
Kv and Ky are respectively the rate of increase 1n the specific activities of protein and ribonucleic acid in the newly formed tobacco mosaic virus, 
and have the dimension e pm per mgm tobacco mosaic virus carbon per min 


RELATIVE SPECIFIC ACTIVITY OF SECTION CPM/MGM C (WHOLE ROD=100} 





LINEAR POSITION IN TMY ROD 


Fig 3 Carbon-14 levels in successive lmear sections of virus 
protein isolated from four tobacco mosaic virus preparations 
The figure is based on specific activities found in successively 
longer termtnal sections of virus protein removed from tobaeco 
mosaic virus by the procedure described 1n the text Bars repre- 
sent specific activities of indicated linear segments calculated 
from the differences between the specific activities of successively 
longer termmal segments Linear position 1s determined from 
the percentage of total virus protein represented by the given 
terminal segment 


where relatively short periods of labelled carbon 
dioxide mcorporation are employed Where the time 
of meorporation ıs longest (45 mun) the earbon-14 
distribution is nearly uniform Y 

Corresponding investigations of the virus ribo- 
nucleic acid fibre were restricted by the relatively 
small amounts of material available However, 
single terminal segments of the virus ribonucleic acid. 
iepresentang from 5 to 10 per cent of the total ribo- 
nucleic acid fibre have been analysed Results of 
these experments, reported in Table 4, show that, 
like the protem, the mbonucleic aed fibre also 
exhibits an excess of carbon-l4 ın the termmal 
Sections 

As shown earher, the specifie activity of the pre- 
cursor materials from which tobacco mosaic virus 
protem and ribonucleic acid are synthesized mereages 
with time after onset of labelled carbon dioxide 
Hence the simplest explanation of the excess carbon- 
14 found m terminal sections of the virus rod 18 that 
these sections are synthesized later than the basal 
portions of the rod This result suggests that the 
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condensation of precursors of low molecular weight 
to form virus protem and ribonucleic acid occurs m a 
linear mode, so that biosynthesis represents an m- 
crease m the length of the rod Added to the earlier 
results on the kmeties of virus ribonucleic acid and 
protem synthesis, this conclusion suggests that 
tobacco mosaic virus 18 formed by a process which 
involves the synchronous extension of both protein. 
and ribonucleic acid m the direction of the long axis 
of the virus rod 

It was the aim of these studies to derive evidence 
on biosynthesis of tobacco mosaic virus which might 
help establish new restrictions on theory regarding 
the mechanism of replication of tobacco mosaic virus 
In what follows, the characteristics of biosynthesis 
of tobacco mosaic virus mdicated by the foregomg 
experiments, which relate to this aim, are summarized 

(1) Tobacco mosaic virus às synthesized de novo 
The present results confirm earher observations, 
based on mcorporation of nitrogen-15, phosphorus-32, 
as well as carbon-14, which showed that synthesis of 
tobacco mosaic virus occurs de novo, 1n the sense that 
the proximal sources of virus substance are low 
molecular weight residues, which are m turn m 
metabolic contact with carbon dioxide, ammonia and 
phosphateL'-? The new results represent the shortest 
time-scales employed in such studies They show 
that withm a 8-5 mm period after onset of labelled 
carbon dioxide, labelled carbon penetrates the entire 
sequence of biochemieal events begmning with carbon 
dioxide and ending with extractable high molecular 
weight rods of tobacco mosaic virus nucleoprotem 

(2) The maxımum tome required for the synthesis of 
a tobacco mosaic vu ue rod is about 5 man. ; unfinished 
vrus never exceeds about 01 per cent of the tobacco 
mosaic virus 4n the leaf The results in Fig 2 lead to 
an approximation of the maximum time required to 
accomplish the unique steps in the biosynthesis of 
tobacco mosaic virus Generally, virus biosynthesis 
may be represented by non-specific steps (assimilation 
of carbon, nitrogen and phosphorus, formation of 
requisite ammo-acids and ribonucleotides) followed 
by processes uniquely associated with biosynthesis of 
tobacco mosaic virus, that is, synthesis of specific 
virus protem and ribonucleic acid, and their assembly 
into the final virus rod 

In their unassembled form, the virus protem and 
ribonucleic acid may be regarded as pools which are 
suppled by the relevant metabolite precursors and 
which are depleted only by formation of the finished 
tobacco mosaic virus rod Carbon-14 supplied ın the 
form of labelled carbon dioxide must pass through 


Table 4 SPECIFIC ACTIVITIES OF TERMINAL SEGMENTS AND RESIDUAL PORTIONS"OF TOBACCO” MOSAIC] VIRUS PROTEIN AND RIBONUCLEIO 


Protein 


Specific 
Mgm TMV activity 
(per gm 
tissue) 


TMV Min of 
preparation “CO, terminal 
segment 
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(per cent) 


mgm 
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150 


of terminal 
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Specific 
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of residual 
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28 
99 
540 
90 
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of terminal 
segment 
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mgm C) 


Specific 
activity 
of residual 
portion 
(cpm per 
mgm ©) 


terminal 
segment 
removed 
(per cent) 








90 
640 
1,650 
312 





Protein segments were obtained by the method deseribed in the text The terminal segment represents the low molecular weight protein 
sub-tnits Mes are separated from the residual high molecular weight protein of the virus tod by. ultrasentufugation Thelength of the terminal 
segment is determined by Folin analysis of the protein content of the ultracentrifuge supernate Ribonucleic acid termina! segments were 


removed by treating protern-stripped rods with snake venom diestorase 


, the percentage of ribonuclere acid removed was determined from the 


nucleotide content (measured by ultra-violet absorption) of the ultracentrifuge supernate after the enzyme treatment Ruibonuclere acid was 


extracted from the residual portion of the virus rod by the he: 
nucleotides, and the carbon-14 contents determined as desorbed m erg 


The range for ribonucleie acid samples was 2-44ep m 


Both terminal and residual ribonucleic acid were converted to 
Counts of separate protem samples were in the range 7-00 cpm 
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these pools before it appears m tobacco mosaic virus 
nucleoprotein When the time of labelled carbon 
dioxide assumilation, At, 18 sufficiently long, the carbon 
1n these pools approaches the specific activities of the 
materials entering them When At is very small, 
the unlabelled substance of the pool of unassembled 
parts dilutes the entermg isotope so that the pool’s 
specific activity 1s appreciably less than that of the 
entering material 

As already indicated m these experments the 
specific activity of metabolites mcreases with At 
In these cemcumstanees we may expect tho specific 
activity of the pool of unassembled parts to merease 
at a rate which ıs proportional to that of the entermg 
maternal when At is relatively large However, 
when At is very small the specific activity of 
the pool substance will mmciease at a smaller and 
accelerating rate These effects will be reflected by 
the specific activity of the newly formed virus, which 
may be viewed as an aggregate of unassembled parts 

This means that ın a plot of Say (or Sar) agamst 
At, such as Fig 2, the mitial part of the curve should 
show an accelerating rate of mcrease in Say which 
finally becomes constant The intercept of the hnear 
part of the curve on the A£ axis 1s an estimate of the 
time required for the pool of unassembled parts to 
approach the specific activity of rts precursors This 
value is, approximately, the average time which 
carbon entering the pool spends ın it before leaving 
as a completed tobacco mosaic virus rod In general, 
the intercept approximates the time required to 
synthesize the virus protem and ribonucleic acid and 
to assemble them mto the tobacco mosaic virus rod, 
although no exact relationship can be given without 
knowing the mechanisms mvolved 

It 1s clear from Fig 2 that given the experimental 
errors involved in determmmg Say, the expected 
intercept ıs so close to zero as to be unascertaimable 
However, the results do permit an estimate of the 
largest mtercept consistent with them This is shown 
m Fig 2 as the lower lines drawn through the protem 
and ribonucleic acid values For both Sap and Sar 
the maximum intercept 1s about 5 mm The time 
required to synthesize a tobacco mosaic virus rod 
(ta) 18 therefore between zero and B mum , con- 
siderably more refined measurements wil be needed 
for a closer approximation of the true value. The 
time for rod synthesis hes between these limits 
throughout the period of the infection process that 
was studied 

The maximum value of ta (that 18, 5 mim ) defines 
the maxumum size of the pool of unassembled virus 
components (P), smce P = Kta At 140 hr after 
moculation, when Ks 1s at a maximum (0 015 mgm 
of tobacco mosaic virus carbon per gm of leaf per 
hr), the maximum value of P 1s about 0 001 mgm 
of carbon per gm of leaf, or about 0 1 per cent of 
the tobacco mosaic virus present. 

Thus, the individual biosynthetic event appears to 
be very short compared to the time-scale of the 
overall course of tobacco mosaic virus synthesis m 
infected tissue (Fig 1) ‘This suggests that the 
observed variations in the total rate of tobacco 
mosaic virus synthesis with time after moculation 
reflect changes m the number of active biosynthetic 
sites m the leaf The virus enters the leaf through 
relatively few cells, the infection spreadimg radially 
from these foc! It 1s to be expected, then, that 
with mereasmg time after moculation the number of 
cells in which tobacco mosaic virus biosynthesis 18 
active will at first merease exponentially, reach a 
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maximum and then decline as the leaf becomes fully 
infected, and the first-mfected cells stop forming 
virus The amount of unassembled virus parts, 
though very small, 1s expected to vary m proportion 
to the changmg number of biosynthetically active 
sites 

(8) Virus protein and s4bonuclew acid, complements 
are synthesized from thew respectwe precursors (free 
amino-aculs and ribonucleotides) concurrently, at 
approximately equal rates Fig 2 shows, from isotope 
data, that the rate of biosynthesis of the virus 
protem and ribonucleic acid complements are pro- 
portional to each other throughout the period of the 
infection process included withm the period 88-213 
hr after moculation This relationship 1s expressed 
more explicitly in Fig 4, which includes in addition 
to the data of Fig 2, further observations made with 
infected tissue cultured under conditions different 
from those employed ın the major part of our experi- 
ments It was found also that the ratio between the 
earbon-l4 levels of protem and ribonucleic acid 
isolated from a given preparation of labelled virus 
approximates the ratio of the specific activities of 
the amino-acids and ribonucleotides found m the 
infected leaf It would appear, then, that the protem 
and ribonucleic acid complements of a given tobacco 
mosaic virus rod are synthesized at approximately 
equal rates, or considered as mass of substance, at 
rates which are in the approximate 1at10 m which the 
substances occur 1n tobacco mosaic virus Since the 
earbon-14 level varies with time of labelled carbon 
dioxide assimilation this relationship may be ex- 
pressed in temporal terms as well In effect, the 
observations show that the protem and ribonucleic 
acid found in the virus newly formed during the 
course of the isotope experiment are synthesized 
from their respective low molecular weight pre- 
cursors at about the same time This result, together 
with the preceding conclusion, means that the 
formation of tobacco mosaic virus m its final form 
1s synchronized with the concurrent biosynthesis of 
its constituent protem and ribonucleic acid from 
their respective low molecular weight residues 

(4) At least near one end of the 10d tobacco mosare 
vuus poten and ribonuclew acid are synthesized by a 
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Fig 4 Relative rates of tobacco mosaic virus protein and ribo- 

nucleic acid synthesis as determined from the respective specific 

activities These data include those presented in Fig 2, together 

with additional points derived from tobacco mosaic virus prepara- 

tions isolated from leaves cultured under conditions different 
from those described in the legend for Fig 1 
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process of lunea extension This conclusion follows 
from the disproportionate distribution of carbon-14 
among the protem sub-unrits found m successive 
positions along the length of the rod While the 
ribonucleic acid data are lackmg m detail, they 
indicate that both virus protem and ribonucleic acid 
exhibit parallel linear variations m carbon-14 levels 
When added to the earher results, this suggests that 
the ribonucleic acid and protem found in a given 
segment of the rod are probably synthesized con- 
currently from their precursors 

These conclusions set certam limitations for 
possible mechanisms of tobacco mosaic virus replica- 
tion In the followmg article proposed explanations 
of tobacco mosaic virus repheation are re-examined 
with regard to the degree to which they conform to 
these requirements 

The work reported ın this article was supported by 
grants from the Rockefeller Foundation and from 
the National Foundation We wish to thank Mrs 
Ellen E Richman and Miss Clarice Strode for 
assistance in this work, and Dr Thomas Hollocher 
for suggestions regarding the treatment of kinetic 
data 
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A Re-examination of Theories 
By Pror, BARRY COMMONER 


THE precedmg article has presented evidence, 
derived fiom isotope studies of the biosynthesis of 
tobacco mosaic virus, which places certain restrictions 
on proposals regarding the mode of replication of this 
virus In the present article the implications of these 
new requnements for the theory of tobacco mosaic 
virus replication are considered 

Tobacco mosaic virus 1s a hollow cylinder com- 
posed of a single fibre of ribonucleic acid held m a 
helical form in the interstices between sequential 
turns of a helical array of ovoid protem sub-units, 
each of molecular weight 17,000-18,000 (ref 1) The 
empirical datum of replication 1s that mfection of a 
suitable cell by a tobacco mosaic virus rod results in 
the biosynthesis of new rods which iesemble the 
inoculum 

The evidence reported in the preceding article 
leads to the followmg conclusions regarding tobacco 
mosaic virus biosynthesis (1) The protem and 
ribonucleic acid found m a given virus rod, and 
probably m a given lmear segment of the iod, are 
formed concurrently from low molecular weight 
precursors (2) The time required to synthesize a 
tobacco mosaic rod is not more than about 5 min 
(3) The amount of unfimshed virus m the leaf never 
exceeds about Q 1 per cent of the completed tobacco 
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mosaic virus present (4) The disproportionate dis- 
tribution of carbon-14 mcorporated into ribonucleic 
acid and protem found in successive bnear segments 
of the virus rod suggests that the rod 1s formed by a 
process of hear extension (5) These relationships 
hold for the tune 88-213 hr after inoculation, a 
period m which most of the virus that mfected tissue 
can produce appears in an extractable form Changes 
in the total rate of tobacco mosaic virus synthesis 
(per gm of leaf) that occur during this period reflect 
correspondmg changes m the number of sites of 
tobacco mosaic virus biosynthesis, resulting from the 
spread of the infection among the leaf cells 

Consideration of some general attributes of protem 
and ribonucleic acid biosynthesis adds further par- 
ticulars to this specification of the spatial and tem- 
poral relationships that govern the replication of 
tobacco mosaic virus Comparison of isotope-levels 
of amimo-acids and ribonucleotides found free m the 
infected leaf with those in the newly formed tobacco 
mosar virus nucleoprotem indicate that these 
residues are closely related, and perhaps identical, to 
the precursors of virus protem and ribonucleic acid 
Current biochemical evidence concerning protem 
synthesis mn general mdicates that polymerization of 
ammo-acid residues to form protem occurs in close 
connexion with ribonucleic acid? This suggests that 
the specific amino-aeid sequence in tobacco mosaic 
protem is governed by the structure and nucleotide 
sequence of a specific ribonucleic acid In the absence 
of contrary data, 1b 1s simplest to assume that this 
ribonucleic acid 1s the virus ribonucleic acid 

Thus, ın the synchronous lnear synthesis of virus 
ribonucleic acid and protein, the specificity of one 
part of the process, protem synthesis, depends on the 
character of the second component, ribonucleic acid 
However, if the matter ıs pursued further, we find 
that the biochemical competence of the virus ribo- 
nucleic acid m turn appears to depend on the virus 
protem 

Formal evidence to support this view can be 
derived from the structure of tobacco mosaic virus 
Each tobacco mosaic virus rod contams a single fibre 
of ribonucleic acid A single strand of polynucleotide 
13 meapable of maimtaming a specific secondary 
structure Once released from the constramts mposed 
by the surroundmg protem sub-units, the virus 
ribonucleic acid collapses mto a random coil m which 
hydrogen bonds serve to bmd various segments of 
the fibre to one another? Randomly coiled fibres, 
which comprise the greater part of ribonucleic acid 
preparations, are probably biologically mactive* 

If virus ribonucleic acid is to regulate the specific 
sequence of amimo-acids found m tobacco mosaic 
virus protem, it must meet two requirements (1) 
the ribonucleic acid fibre must be accessible to the 
approach of suitably activated amino-acid residues , 
(2) the ribonucleic acid fibre must rotan a specific 
secondary structure, to ensure that a grven region of 
the fibre will present & specific chemucal configuration 
to the approaching residues 

Ribonuelere acid contamed withm the virus rod 
fulfils the requirement for structural specificity but 
18 not accessible to the approach of protein precursors 
On the other hand, ribonuclere acid freed from the 
tobacco mosaic virus rod has the necessary access- 
ibihty to metabolites, but bemg a smgle strand 1s 
subject to structural collapse and thereby fails to 
provide for configurational specificity 

There is a possible escape from this dilemma that 
the germmal competence of virus mbonucleic acid 1s 
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associated with a segment of the fibre which is 
attached to an underlying array of protein sub-units 
In this condition the ribonucleic acid fibre, or at 
least a part of 1t, 1s both accessible and specifically 
structured Such a configuration can be achieved, 
for example, by removing the termunal layer of 
protem sub-units from an end of the virus rod This 
exposes the terminal turn of the ribonucleic acid 
fibre, which, bemg bound to the underlymg protem 
sub-units, can retam its normal structural arrange- 
ment 

In this view, virus ribonucleic acid regulates the 
specificity of protem synthesis but can function m 
this way only when its own configuration is estab- 
hshed by attachment to virus protem The biological 
competence of tobacco mosaic virus would then 
depend mutually on protem and ribonucleic 
acid 

At first glance this view would appear to be dis- 
proved by the observations that ribonucleic acid 
preparations isolated from tobacco mosaic virus are 
slightly mfectious, while purified preparations of 
tobacco mosaic virus protein are wholly mactive® 
However, on closer examination the situation 1s seen 
to be somewhat different While there 18 consider- 
able evidence that ribonucleic acid is necessary for 
the mfectivity of these preparations (for example, 
mactivation by ribonuclease), there is as yet no 
evidence that it is alone sufficient for biological 
activity The mfectivity-levels of isolated ribonucleic 
acid preparations are two orders of magnitude less 
than those exhibited by other natural tobacco 
mosaic virus nucleoprotem, or by reconstituted 
nucleoprotem — Ribonucleic acid preparations are 
heterogeneous by several criteria, the major part of 
the infectivity bemg associated with a component 
that represents about 1-10 per cent of the ribonucleie 
acid present* Takahashi e£ al ° find that the most 
infectious electrophoretic fractions of ribonucleic acid 
preparations also contam the greatest amounts of 
associated protein If ıt is assumed that m a ribo- 
nucleie acid preparation only those fibres which are 
associated with some protem are biologically active, 
the protem content of such preparations 1s sufficient 
to account for the presence of 4-50 protein sub-units 
per active ribonucleic acid strand’? It can be shown 
also that the low mfectivity of ribonucleic acid 
preparations is not due to inefficient mvasiveness 
resulting from susceptibility to degradative enzymes 
Reconstitution, which restores the proper ribonucleic 
acid configuration, contributes directly to infectivity 
rather than simply protecting the inherent activity 
of the ribonucleic acid from mactivation durmg 
mvasion® Furthermore, when part of the virus 
protem 1s removed, so that the ribonucleic acid fibre 
becomes susceptible to enzymatic attack «n vitro, the 
rod retams a relatively high level of infectivity® 

The available evidence suggests that virus ribo- 
nucleic acid, like tobacco mosaic virus protein, 18 a 
necessary but not sufficient condition for virus 
activity At the least, there is m these data no 
commanding reason to preclude the proposal that 
the biological activity of tobacco mosaic virus, or of 
infectious materials derived from 1t, depends jointly 
on the presence of intact fibres of mbonucleic acid, 
and at least a few protem, sub-units 

These considerations may be summarized as 
follows (a) the experrmental data on biosynthesis 
show that tobacco mosaic virus formation mvolves 
the synchronous extension of the virus ribonucleic 
acid fibre and of rts helical array of protem sub- 
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unis, (b) the structural properties of tobacco mosaic 
virus and its constituents suggest that replication 
requires the specific participation of both virus ribo- 
nucleic acid and protem 

These conclusions preclude any proposal regarding 
tobacco mosaic virus repheation that requires 
asynchrony greater than a few minutes between the 
synthesis of ribonucleic acid and protem found m a 
given virus rod, or the accumulation of unassembled 
virus parts m amounts which are significant relative 
to tho tissue’s content of completed virus A recent 
proposal of this type based on determmation of the 
biological activity of differential extracts of mfected 
leaf is that a store of infectious ribonucleic acid 
accumulates 10-50 hr after moculation, bemg later 
depleted as virus protem 18 synthesized and con- 
densed around the ribonucleic acid fibres? The 
isotope data described in the preceding article show 
that a replicative process of this type cannot account 
for the tobacco mosaic virus produced 88-213 hr 
after moculation, when the greater part of the vnus 
appears m tissue extracts It is possible that two 
different types of replication occur, the earlier one 
bemg governed by asynchronous synthesis of virus 
iibonueleie acid and protem Isotope data on this 
phase of the virus growth curve, which are not avail- 
able as yet, may help to resolve the discrepancy 

An alternative type of repheatrve scheme, pro- 
posed m a preliminary form in an earlier publication”, 
conforms more closely to the requirements diseussed 
above ‘This scheme 1s not complete, and does not 
describe the mutial phases of the replication process, 
that 1s, the events initiated m the cell by the entering 
moculum Rather, the scheme relates only to those 
phases of replication m which the bulk of the virus 
found in mfected leaf 1s synthesized from low mole- 
cular weight precursors 

This scheme proposes that 1n tobacco mosaic virus 
repheation the germmal agent may be represented 
by 2 smgle turn of the virus ribonucleic acid fibre 
attached to a layer of protem sub-units This struc- 
ture becomes accessible when a terminal layer of 
protem units is removed from one end of the tobacco 
mosaic virus rod, a process which might represent 
the first step 1n infection Where mfection is induced 
by a ribonucleic acid preparation, the agent of 
infection might be represented by a termunal segment 
of a mbonucleic acid fibre which remains attached to 
several protem sub-units, thereby providing an 
arrangement similar to that found at the exposed 
end of a tobacco mosaic virus rod 

Fig 5A ıs a schematic representation of such a 
structure It shows a single turn of the ribonucleic 
acid helix, comprismg 48 nucleotides, attached to 
the surface of the 16 1/3 protem sub-units which 
also comprise a single turn In this arrangement the 
structural configuration of the ribonucleic acid fibre 
1s determmed by its attachment to the surfaces of 
the protein sub-units 

Fig 5B represents the second phase of the pro- 
posed process. ın which amino-acid residues in an 
appropriately activated form become attached to 
the exposed segment of ribonucleic acid — It 18 pre- 
sumed that the sequence of amino-acids bound to 
the ribonucleic acid segment wil depend on the 
nucleotide sequence m the segment, and on its con- 
figuration The diameter of the mbonucleie acid 
helix 1s about 80A, and the contour length of a 
single turn is about 250 A A polypeptide cham m 
the configuration of an -helix has an axial trans- 
lation of 1 5A per residue, so that a hehx 250 A 
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Fig 5 Drawings to illustrate successive stages in the scheme of biosynthesis of tobacco 
mosaic virus proposed in the text The view represents the end of a tobacco mosaic 
virus rod in process of formation Sectional segments represent protem sub-units, small 
spheres represent the ribonucleotide residues, and the helical structure in B represents 
the polypeptide chain of a single protein sub-unit in the configuration of an a-helix 


The drawings are schematic and only approximately to scale 


long overall will contam about 167 residues"! Hence 
a single turn of the virus ribonucleic acid fibre will 
accommodate a polypeptide «-hehx comprising about 
167 amino-acid residues This 1s the approximate 
size of the polypeptide unit contained in a single 
virus protem sub-unit It is proposed, then, that 
a single turn of the virus ribonucleic acid fibre 
provides the locus for the intial polymerization 
of the amino-acids found m a single virus protem 
sub-unit 

Fig 50 illustrates the results of the next stage m 
the proposed scheme, m which the newly formed 
polypeptide cham becomes detached from the ribo- 
nucleic acid fibre and, after suitable foldmg, assumes 
the tertiary configuration characteristic of the virus 
protem. sub-unit It will be noted that the terminal 
sub-unit represents a step dislocation ın the crystal- 
lke array of protein sub-unrts!? It 1s proposed that 
the newly formed sub-unit takes its place at the step 
dislocation, thereby extendmg the helical array by 
an additional member The newly formed sub-unit 
becomes the terminal unit in the rod, but unlike the 
other units is not, at first, associated with attach- 
ed ribonucleic acid Furthermore, as it falls mto 
place the new sub-unit covers the three proximal 
nucleotides of the terminal ribonucleic acid seg- 
ment 

It 18 proposed, next, that the ribonucleic acid chain 
18 extended by the terminal acquisition of three new 
nucleotides These become added to the ribonucleic 
acid fibre and, bemg bound to the free surface of the 
last-formed protein sub-unit, assume the appropriate 
structural configuration In this manner the terminal 
exposed section of the mbonucleie acid fibre 1s 
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restored to its full complement of 
48 nucleotides (see Fig 5D) 

Comparison of Figs 5.4 and 5D 
shows the overall result of the 
proposed process both the ribo- 
nucleic acid fibie and the helical 
array of potem sub-umts have 
been extended lengthwise by 
synchronous synthesis from 
amino-acid and nucleotide resi- 
dues Repetition of this process 
accomplishes a progressive length- 
enmg of the virus rod The 
process is, however, not & uni- 
formly repetitive event The syn- 
thesis of each new protem sub- 
unit and the subsequent extension 
of the teimmal ribonucleic acid 
segment causes a change m the 
nucleotide composition of the 
exposed 11bonucleic acid segment. 
In each rephoative event this seg- 
ment loses thee nucleotides at 
one end, and gains three nucleo- 
tides at the other end Thus, the 
formation of each protem sub- 
unit alters, shghtly, the nucleotide 
sequence of the segment of ribo- 
nucleic acid which governs the 
synthesis of the next piotem 
sub-unit This change might, for 
example, be reflected m a slight 
variation of the ammo-acid 
sequence in the next protem 
sub-unit thab ıs formed In tuin, 
the altered structure of the 
newly formed protem sub-unit 
might mfluence the choice of the new nucleotides 
that become attached to its surface when the 11bo- 
nucleic acid fibre is extended Such a cyclical 
interaction between successive biosynthesis of protem 
sub-units and of extension of the ribonucleic acid 
fibre could result m a gradual and harmonic variation 
in the composition of both components One result 
of this process may be the appearance of periodic 
weak pomts which disrupt the extension of the virus 
rod, thereby detaching tobacco mosaic virus rods of 
& given length 

The foregoing scheme provides for the simultaneous 
synthesis of virus ribonucleic acid and protem from 
low molecular weight residues It proposes a linear 
extension of both the 11bonucleie acid and protein 
parts of the virus In these respects 1b provides a 
model which is m keeping with the experimental 
observations on the biosynthesis of tobacco mosaic 
virus protem and ribonucleic acid described in the 
preceding article 

Certam features of the proposed mechanism may 
be of interest apart from them possible apphcabihty 
to tobacco mosaic virus replication Most pro- 
posals regarding the mechanism of nucleic acid 
replication, especially those derived from the proposed 
double-helical structure of deoxyribonucleic acid}, 
have two chief distinguishing features (1) Replica- 
tion 18 conceived to occur in a mode which 18 lateral 
to the nucleic acid fibre, the ordermg of new nucleo- 
tide residues beg accomplished by forces, extended 
m a lateral direction, which lead to the establishment 
of specific hydrogen bonds'4 (2) The nucleic acid is 
supposed to be a self-sufficient agent, nether protem 
nor any other genetically specific substance bemg 
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required for the replieatrve process Configurational 
specificity 1s inherent m the double-stranded struc- 
ture, which unlike a smgle polynucleotide fibre can 
maintam a rigid geometrical arrangement This 
structure is itself a hmdrance to the accessibiltty 
toward approachmg nucleotide residues that is a 
necessary prelude to replication, and various hypo- 
thetical schemes have been put forward to permit 
such access without undue loss of configurational 
stability 

The general features of the replicative scheme 
described m Fig 5 contrast with the above (1) The 
ribonucleic acid fibre 1s smgle, and 1s therefore not 
capable of achieving a specific configuration apart 
from association with protem (2) Replication of the 
ribonucleic acid fibre 18 viewed as a linear process 
Duphcation of the original fibre's nucleotide sequence 
is not accomplished by direct lateral complement- 
arity, but by the instigation of the required pattern 
of selection of new terminal nucleotides (3) Replica- 
tion of the ribonucleic acid fibre 1s not a self-sufficient 
property of mbonucleic acid itself, but depends on 
the participation of protem This requirement 
emerges directly from the single-stranded character 
of the ribonucleic acid fibre It also results from the 
need for a mechanism which can provide for specific 
selection of terminal nucleotides 

In the proposed scheme for lmear replication of 
tobacco mosaic vnus specific nucleotide selection 
may be provided as follows The protem sub-unit 
acquires an amino-acid sequence which reflects the 
nucleotide sequence of a given segment of ribonucleic 
acid The sub-unit’s tertiary configuration, we may 
assume, ıs m turn dependent on this amimo-acid 
sequence, so that the surface properties of the sub- 
unit are mdirectly determmed by the nucleotide 
sequence m the ribonucleic acid segment Finally, 
the specific properties of the protem sub-unit surface 
are the means for determming the identity and 
sequence of the three new nucleotides added to the 
ribonucleic acid fibre. Hence, in this view the 
sequence of forty-eight nucleotides ın the terminal 
segment of the ribonucleic acid fibre determines the 
sequence of three nucleotides added to the free end 
of the segment; but m this determmation the pro- 
tem sub-unit serves as a genetically specific, and 
essential, intermediate. From imformation theory 
it should be possible to derive suitable quantitative 
rules for the determmative properties of such a 
system 

This type of replicative scheme ıs specifically 
adapted to the participation of a single-stranded 
polynucleotide In this connexion rts applicability to 
the smgle-stranded form of deoxyribonucleic acid 
recently discovered in a bacteriophage’® may be of 
interest 

The foregomg scheme may be cast m alternative 
forms. One such form’ proposes that the protem 
sub-unit by analogy with the reading head of a tape 
recorder "serves as a movable unit which ‘reads’ or 
develops the structure of the otherwise structureless 
ribonucleic acid as xb becomes associated with suc- 
cessive portions along the length of the nucleic acid 
cham” 

The proposed scheme offers a possible explanation 
for the relationships between the amounts of ribo- 
nucleic acid and protem im tobacco mosaic virus 
The virus rod contams a ribonucleic acid fibre made 
of about 6,000 nucleotide residues and about 2,000 
protem sub-umts If ıt i8 assumed that all the 
protem sub-units are wholly identical with respect to 
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amino-acid sequence, then the replicative mformation 
required to specify the whole protem structure of 
tobacco mosaic virus relates only to the number 
of ammo-acid residues in a single sub-unit—about 
150 Clearly the 6,000 nucleotide sequence of the 
total ribonucleic acid fibre is an excessively complex 
source of determmative mformation for this purpose 
On the other hand, if each protem sub-unit were 
unique with regard to amino-acid sequence the 
nucleotide sequence n a single ribonucleic acid fibre 
would be insufficient to serve as a determmative 
agent for the entire assemblage of 2,000 sub-units 
Reality may he somewhere between these two 
extremes, that 1s, protem sub-units have a consider- 
able part of their amino-acid sequences 1n common, 
but differ m some respects This condition 1s con- 
sistent with the scheme described m Fig 5 

The foregomg discussion shows that both the new 
results on the course of tobacco mosaic virus bio- 
synthesis, and consideration of the relation between 
the structure of tobacco mosaic virus and the formal 
requirements of replication, place similar restrictions 
on theortes of replication The major requirement is 
that 1n tobacco mosaic virus replication. biosynthesis 
of vuus protem and ribonucleic acid, and formation 
of ther specific structural arrangement m the virus 
rod, proceed m synchrony A formal consideration of 
the geometry of the tobacco mosaie virus rod shows 
that there ıs no way of meeting this requirement 
other than by means of Imear extension of the 
tobacco mosaic virus rod Linear analysis of isotope 
distribution within the rod offers the first direct 
experimental evidence that tobacco mosaic virus 
biosynthesis may proceed m this fashion However, 
these results, hke those which tend to support 
alternative schemes, are msufficiently detailed or 
decisive to establish a specific explanation of the 
mechanism of tobacco mosaic virus repheation It 1s 
to be hoped that the more detailed requirements 
which can now be placed on proposed mechanisms of 
tobacco mosaic virus replication will suggest new 
experiments which may provide evidence that favours 
decisively one proposal or another 

The preparation of this and the preceding article 
has had the benefit of valuable discussions with Dr 
Alfred M Holtzer I wish to acknowledge also the 
support of grants from the National Foundation and 
the Rockefeller Foundation, 
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Radiations. (Immunological Aspects of Tissue Transplantation after 
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Technique in the Study of Electrode Reactions), 1453 
Koshimizu, Koichi, and others Plant Growth Activities of 5- and 8-Halo- 
geno- Dihydro- and Tetrahydro-l-naphthoic Acids, 1415 
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Society of the British Isles (Filter-paper Electrophoresis on Blood 
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Kumar, $ A, and others Biochemical Research in India (Occurrence of 
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Lambs on a Diet containing Roughage Experimental Production of Mag- 
nesium Deficiency in (Dr D M McAleese and Dr R M Forbes), 
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Thermodynamics, Mechanism, Basic Properties, second edition, 
review by Dr Edwin C Webb, [759 

Large Heavily Sclerotized Whole Insects Sectioning (Prof W E Becket), 

Large Intestine of the Calf Absorption of Magnesium in the (Dr R H 
Smith), 821 

Larikov, G Primer Explosion Triggers Reaction, 447 
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Larval and Pupal Periods of some Lepidopterous Insects — Relationship 
between (Dr M A Zaher and Dr Moufied A Moussa), 288 
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Lateral Muscle (Red), of Rainbow Trout Changes in Purine Nucleotides of 
(Tsuneyuk: Sarto, Ken-ichi Arat and Toshtkatsu Yajima), 1415 
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